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Abstract
Agroforestry–perennials planted in association with annual field crops–has potential as a method
for sequestering carbon while reportedly increasing agricultural yields and farmer income. How-
ever, measuring the downstream effect of agroforestry promotion on household welfare is difficult
due to the long-term nature of agroforestry’s payoffs and their dependence on local agro-ecological
conditions. Agroforestry evaluation often requires detailed data that can only be collected by
household survey, and is therefore also not always amenable to quasi-experimental methods us-
ing only secondary data analysis. This thesis demonstrates a method for using spatial matching
methodology to select a sampling frame for survey data collection in order to measure the long-
term household welfare impacts of an agroforestry project in western Kenya. I find spatial match-
ing to be a cost-effective way to assemble a sample of pre-existing farmer groups to conduct an
ex-post quasi-experimental impact evaluation and present balance statistics and alternate specifica-
tions to validate the methodology. After village-level matching, selected sample is then surveyed
to obtain measures of household welfare including asset wealth and expenditure. The geographies
targeted by the implementing NGO are used as the indicator of treatment exposure to calculate
intention to treat and local average treatment effects of the agroforestry program. The agroforestry
program is found to result in modest but significant gains in asset wealth and expenditure. The
pre-survey spatial matching process is also shown to decrease variance in baseline indicators, im-
proving the statistical power of the research design and indicating its potential for broader use in
impact evaluation studies.
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1 Introduction
Agroforestry–defined as the "use of woody perennials on the same land management unit as agri-
cultural crops, pastures, and animals" (Current, Lutz, and Scherr, 1995)–has been promoted as a
land management strategy with potential for carbon sequestration, climate change adaptation and
increased productivity and profitability, a so-called "triple-win" for smallholder agriculture (Bryan
et al., 2011). Given smallholders’ relative poverty, and pressure on existing forests due to increas-
ing demand for income and agricultural land, agroforestry’s promise to enhance environmental
services and increase incomes makes it an attractive technology to organizations providing ex-
tension services. But while agroforestry’s potential as a means of increasing the carbon intensity
of smallholder farming systems is relatively well established (Lorenz and Lal, 2014), the second
two "wins"—climate adaptation and productivity gains—remain less well-evidenced. Even less
well-understood is the magnitude of the household welfare impacts—if any—produced by these
adaptation and productivity effects.
Estimating the effects of an intervention like agroforestry is a significant challenge. Like many
interventions in the areas of climate change mitigation and sustainable agriculture, agroforestry is
complex, affecting many elements of the farming system and farmers’ livelihood strategies. Agro-
forestry promotion is also likely to require several interrelated interventions including germplasm
provision and farmer advisory services. In addition, agroforestry’s outcomes are expected to man-
ifest themselves over a long time frame and to depend heavily on local agronomic conditions,
increasing the variation in effect sizes likely to be observed.
This complexity of both the intervention and its causal pathways poses a particular challenge
to measuring agroforestry’s impact using the current gold-standard in impact evaluation design,
the randomized control trial. To use experimental methods to study agroforestry, a program would
need to be randomized, then tracked over a long period. The time lag, along with the already high
variability of the phenomena, would magnify the possibility for variation in outcomes, decreasing
the statistical power of the study and requiring a very high sample size. Thus considerations of time
and expense might call for quasi-experimental methods. Additionally, given that a large number
of agroforestry projects are already under way, demand for evidence in the near to medium-term
may require the use of quasi-experimental methodology before a long-term RCT can be feasibly
administered.
Agroforestry is also challenging to evaluate using secondary data. Many relevant variables,
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particularly regarding crop management regimes, tree planting, conservation measures, and other
interim outcomes which can serve to interrogate agroforestry’s impact pathways may not be avail-
able in most secondary data sources. And even when relevant variables such as asset wealth are
available, they may not be representative at a fine-grained enough spatial resolution to evaluate the
work of an extension program providing services to small-scale farmers at the village level. This
was the case in the evaluation discussed in this thesis, in which the treatment was assigned at the
sub-county level, but Kenyan national surveys are only designed to be representative at the county
level. These data availability challenges make novel survey data collection a near-necessity for
evaluating an intervention like agroforestry, but the variability mentioned above might make the
required sample size unfeasibly large. For this reason, in order to narrow the geographic targeting
for the survey team, a pre-survey matching design was deemed necessary in order to measure the
effect of an agroforestry-focused program.
This thesis presents a case study of a methodology which has potential for application in eval-
uations of complex, long-term and location-dependent interventions like agroforestry. I describe
a spatial matching methodology which holds promise as a way to assemble a sample for the eval-
uation of complex interventions. I then demonstrate this methodology’s use in an evaluation of
an agroforestry-focused extension program in western Kenya and present a series of tests of its
effectiveness. Methods used to test the matching methodology include an examination of the sam-
ple balance on available variables inside and outside the matched sample, as well as split-sample
analysis within the matched villages, comparing the best-matched half of the sample to the worst-
matched in terms of model fit, statistical power, and baseline outcome distribution.
Matching research designs are commonly used in the social sciences to help identify a com-
parison group by selecting comparison observations which are matched to treatment observations
across observable variables (Abadie and Guido W Imbens, 2006). However, this approach requires
a large pool of candidate observations from which to draw the matched sample. In the absence of
suitable secondary data or the resources to survey a very large number of households, it may be
difficult to assemble a dataset of comparison observations which are observably similar across the
selected variables. Particularly where it has been promoted within small geographic areas, it is
highly likely that agroforestry shares these difficulties, therefore a matching design based on sec-
ondary data or an untargeted survey using randomly selected households was deemed unfeasible.
In addition to identifying similar controls from secondary data, matching can be used prior
to data collection to target control observations that are similar to those under treatment (Stuart,
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2010). Most pre-data collection matching in the literature refers to a case when a round of house-
hold data has already been collected, and follow-up is being planned. The availability of geospatial
datasets makes a new use-case possible: villages or administrative units can be matched prior to
data collection, resulting in a geospatially matched sample whose variance has been reduced prior
to survey administration. This approach is particularly attractive when the program being evaluated
is assigned to particular geographic units, and where agro-ecological characteristics like altitude
and rainfall are hypothesized to affect the outcomes under consideration.
The forest conservation literature offers a model for matching across geographic units using
geospatial variables (Andam, Ferraro, Pfaff, et al., 2008; Andam, Ferraro, Sims, et al., 2010;
Honey-Rosés, Baylis, and Ramírez, 2011) which has generated measures of the effect of pro-
tected areas and payments for ecosystem services on tree cover and on socio-economic outcomes.
This thesis adds a methodological contribution to this literature: I describe a field-test of a spatial
matching method used to match geospatial units (in this case villages) which were then targeted
for further detailed primary data collection to evaluate an agroforestry program. The approach
described here resembles that used by Alix-Garcia, Sims, and Yañez-Pagans (2015) to evaluate the
effects of payments for ecosystem services in Mexico, though Alix-Garcia et al. utilize household-
level geospatial data for matching, while here I demonstrate a method for using village-level data
to construct a sampling frame prior to collecting any data at the household level.
This thesis is the first application of this specific set of techniques in the environmental evalu-
ation literature. It demonstrates a technique for utilizing relatively course-grained data, including
a number of publicly available data sets, to improve the targeting of survey data collection in a
manner not previously evident in the literature. Additionally, the broader impact evaluation which
this matching exercise serves, and from which the outcomes presented here are derived, represents
the first large-scale quantitative review of agroforestry’s household welfare impacts.
The intervention considered here is an agroforestry-focused extension program located in west-
ern Kenya implemented by the Swedish NGO Vi Agroforestry. The program is located in two
counties in western Kenya, but due to funding restrictions it was only offered in a smaller geo-
graphic area, determined by sub-county geographic boundaries which have little administrative
authority and which have since been superseded by post-2010 administrative redistricting. This
geographic targeting allows for a quasi-experimental research design where villages outside Vi’s
program area can be compared with those within it.
The program was also targeted solely at members of farmer-led groups, a common type of
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voluntary association rural Kenya both within Vi Agroforestry’s program area and outside it. In
consequence, the study sampling frame is restricted to farmers who have been members of such
groups throughout the study period, eliminating one potential source of selection bias by control-
ling for the propensity to join voluntary farmer groups.
This thesis demonstrates the application of geospatial matching as a sampling strategy using
a set of villages inside and outside the Vi program area, and shows that (a) in this case village
level matching results in a sample of households that is balanced across baseline wealth indica-
tors, and (b) the matching method holds potential for reducing both bias and variation in outcome
measurement as demonstrated by the estimation of a subset of wealth outcome measures drawn
from the wider impact evaluation study found in Hughes et al. (2017). I present intention to treat
effects, including results from a doubly-robust estimator to account for outliers, as well as local
average treatment effects derived from a two-stage least squares model using the program area as
an instrument for program participation. I also run a number of robustness tests applied to these
outcomes and compare the results using alternative models to account for the spatial distribution of
treatment. In order to examine the village matching methodology I split the sample into a better-
matched half and worst-matched half and examine the effect of improving the propensity score
match on the outcome’s baseline variance, model fit and statistical power.
4
2 Background
The term agroforestry gained currency in the 1970s with the publication of John Bene’s report
"Trees, Food and People" for the Canadian International Development Research Centre, and was
given further legitimacy by the founding of the International Council for Research in Agroforestry,
also known as the World Agroforestry Centre (Nair, 1993). The techniques that fall under the
category agroforestry include such disparate systems as improved fallows (seeding of perennial
legumes into fallow fields), alley cropping (rows of perennials alternating with field crops), multi-
layer tree gardens, and living hedges (ibid.).
Agroforestry systems have been associated with reductions in soil erosion (Otsuki, 2010), in-
creases in soil organic carbon and soil microbe populations (Araujo et al., 2012), carbon sequestra-
tion (Lorenz and Lal, 2014) and other ecosystem services, including habitat, water quality and soil
fertility (Tsonkova et al., 2014). Additionally, agroforestry is widely expected to result in house-
hold welfare impacts due to its purported potential to increase yields of important food crops,
augment farm incomes for smallholders, and increase resilience to climate shocks.
Evidence for these outcomes exists, though rigorous identification of agroforestry as the causal
mechanism is limited. A number of studies have in fact found agroforestry adoption to be pos-
itively associated with yields and productivity (Otsuki, 2010; Sjögren, Shepherd, and Karlsson,
2010), though the Sjögren results are conducted on experimental plots, and Otsuki’s results are
observational, with adjustment for endogenous selection using a treatment effects model. Current
finds more diverse sources of income and improved cash flow in Latin America (Current, Lutz,
and Scherr, 1995), in an observational study with a small sample size.
Impacts on total household income or consumption expenditure are even less clear. Haglund
et al. (2011) find income increases of 18-24% in Niger associated with the adoption of Farmer
Managed Natural Regeneration, a method for encouraging the regrowth of native tree species inter-
spersed within cropland. Hegde and Bull (2011) find positive expenditure effects in Mozambique
stemming from an agroforestry-related payment-for-ecosystem services program, though the con-
tribution of agroforestry itself versus the payments themselves is unclear. Meanwhile Place et
al. (2003) find no significant effects on household poverty or food security indicators in Western
Kenya despite increases in crop yields–though Place makes no adjustment for selection effects,
and with a sample size of 100 may be underpowered to detect an effect.
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Many studies on the impacts of agroforestry suffer from the non-random nature of technol-
ogy adoption. Hegde and Bull use a matching design to match adopters to non-adopters who are
observably similar across the variables which are found to be correlated with adoption (2011).
However, it must be assumed that unobserved variables do not account for the measured effect,
and a very large sample may be required in order to draw a comparison group which is balanced
across all relevant observable characteristics. It is possible to argue that Hegde and Bull’s sample
size of 290 could limit the number of variables which can be used for matching, and even if the
matched sample is balanced, there may be unobservables correlated with the treatment.
The literature on the impacts of protected areas in forest conservation offers examples of match-
ing research designs implemented at a landscape scale. In this case geographic units are matched
across a vector of geospatial variables, providing a sample of similar pixels, polygons or counties
(Andam, Ferraro, Sims, et al., 2010; Honey-Rosés, Baylis, and Ramírez, 2011; Robalino, Pfaff,
and Villalobos, 2015). This methodology has been used to measure the impacts of protected areas
on tree cover, as well as on poverty reduction and household welfare (Andam, Ferraro, Sims, et al.,
2010). As with any matching, these evaluations may suffer from bias if the location and success of
the protected areas is determined in part by unobservables.
This thesis contributes to the environmental impact evaluation literature and to the literature
on agroforestry more specifically by field-testing geospatial matching as a method for assembling
a data frame to be used in an ex-post impact evaluation. Tests for match balance and demonstra-
tions of the propensity score’s relationship to the variance in the sample presented here provide
additional support for village-level matching’s value. The method presented here holds promise
as a way to feasibly conduct ex-post impact evaluations of long-term interventions using novel
survey data when longitudinal data on treatment and control observations are not available. The
demonstrated methodology may hold particular interest for fields such as agroforestry, sustainable
agriculture, and forestry studies where long-term interventions are the norm and many studies in
the current literature rely on secondary data in order to estimate effects.
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3 Intervention
Vi Agroforestry (herein Vi) is a Swedish NGO founded in the 1980s with the goal of reforesting
western Kenya. By the 1990s this objective was adapted to the realities of working in coordination
with small-holder farmers, and Vi transformed itself into a provider of tree seeds and agricultural
extension services. Vi’s current program model works by promoting tree planting and providing
other agricultural training through the mediation of farmer-organized groups.
Although Vi offers a range of different training topics through its extension programming, the
primary focus of their program remains agroforestry, which in this context implies planting trees
either around plot boundaries or in rows within fields. Vi received extensive training and support
from the International Centre for Research in Agroforestry (ICRAF) throughout the 1990s and
early 2000s, including a set of seminars for extensionists administered by ICRAF personnel, which
incoming Vi staff and managers received from the mid 1990s up until 2005. Training from ICRAF
during this period introduced a cropping system known as alley-cropping, which involves rows
of leguminous shrubs planted periodically throughout annual crop fields. ICRAF also introduced
Vi staff to the use of perennial legumes including Calliandra callothyrsus and Sesbania sesbans
as fodder and improved fallow species (LePage Morgan, 2017). For this reason, Vi’s program
was identified by ICRAF as a promising site for an evaluation of agroforestry’s potential as a
household welfare-enhancing intervention. The data examined in this thesis are the result of the
ICRAF impact evaluation entitled "Assessing the Downstream Socioeconomic and Land Health
Impacts of Agroforestry in Kenya," a broader study aimed at examining agroforestry’s long-run
impacts on household wealth, food security and land-health.
The agroforestry techniques primarily promoted by Vi can be described as variants of three
separate planting patterns: alley-cropping, boundary planting, and tree planting along erosion con-
trol barriers. Alley-cropping is a technique developed in the 1970s by the International Institute of
Tropical Agriculture. It consists of rows of leguminous perrennials planted within farmers’ annual
fields, with the intention of providing additional fertility through nitrogen fixation and the incor-
poration of leaf biomass (Douthwaite et al., 2002). Boundary planting is a common practice in the
region which Vi has encouraged farmers to intensify and add more short-term leguminous shrubs
to the spaces between long-term timber species which are typically planted in boundaries, creating
a multi-story boundary planting system (LePage Morgan, 2017; Wachiye, 2008).
Erosion control structures can include simple grass strips, trash lines consisting of crop residue,
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small contour bunds, trenches, or terraces. All of these practices are common in the study area, and
encouraged by Vi. Additionally, they train farmers to incorporate multi-story perrennial plantings
along these structures. This practice of planting trees for erosion control has been described by
one promoter as a "slow terrace," and is reported to be less labor intensive than reliance solely on
hand-built earthen terraces (LePage Morgan, 2017).
Vi takes a relatively neutral stance in regards to the relative value of the planting arrangements
described above, but their self-described hallmark is the incorporation of leguminous perrennials,
especially Sesbania sesban and Calliandra callothursus, into the farming system. Several Vi staff
reported that "if you see Sesbania you can guarantee that Vi has been there" (E. Wachiye, personal
communication, March 2016). These trees are are quick-growing and nitrogen-fixing, and are used
for firewood, fodder and "green manure"–incorporation into the soil as fertilizer.
In practice, Vi’s program participants tend to pick and choose from among the available species
and planting arrangements included in the Vi training and adapt them to their needs. The arrange-
ment most commonly seen during scoping interviews at the initiation of this project was essentially
an adapted form of alley-cropping, where lines of trees were incorporated into the fields. In scop-
ing interviews some respondents with trees planted in this arrangement reported rotating these lines
of trees through their fields as a way to enhance fertility, while others reported keeping them fixed
in one place in order to control erosion. So while perennial alleys planted strictly according to
the spacing recommendations developed by IITA were rare, there nonetheless seemed to be enthu-
siasm for an adapted version, with spacing and timing dictated by the farmers relative desire for
firewood, erosion control, and nutrient cycling.
The training program Vi implemented in the study area was not standardized. The extension-
ists were given latitude to assess which topics were needed by the farmer led groups to which they
were assigned. However, every group was expected to learn about the advantages of agroforestry,
and Vi’s activity calendar was coordinated around their twice-yearly seed distribution which cor-
responds with the arrival of the two rainy seasons in the study area. Vi distributes tree seeds free
of charge to all its member groups. They provide seeds for direct-seeding in fields before the long
rains, when maize is planted, and seeds intended for raising in small-scale tree nurseries before the
short rains, when secondary bean crops and vegetables are planted.
The farmer-led groups through which Vi delivers its trainings and seed provision are common
throughout western Kenya. They tend to have 10-15 members, and can be organized as women’s
groups, youth groups, farmer groups, or religiously focused groups though in practice these dis-
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tinctions are not binding. Nearly all groups contain a mix of ages and genders, but women tend to
predominate and most group members are older and slightly better off than the general population.
Vi’s training services have been offered in the study area of Bungoma and Kakamega counties
since 2008 through the operations of two different projects: the Kenya Agricultural Carbon Project
(KACP) and the Farmer Organizations and Agroforestry (FOA) project. The two projects have
separate staff and funding structures but share staff training on agroforestry and land management.
The KACP project, which is active in the Bumula Sirisia divisions, focuses on increasing
carbon sequestration in small-holder farming systems by encouraging tree planting and sustainable
land management techniques. Tree planting in particular is incentivized by a small payment (equal
to about $3.00 per person on average) disbursed to the farmer groups upon confirmation that trees
have been planted and preserved on their farms.
The FOA project focuses more significantly on capacity building for farmer organizations, in
addition to tree seed provision and land management training. FOA is active in Kimilili, Webuye
East and Bungoma North sub-counties in Bungoma County, as well as Likuyani sub-county in
Kakamega county. Vi staff describe the extension trainings provided by FOA as essentially iden-
tical to those in KACP, but a few key programmatic differences remain: FOA does not provide
carbon payments, and does not perform the same level of monitoring on its tree planting activities.
Additionally, since FOA is focused on empowering farmer organizations, the decision was made
in 2014 to hand over its activities in Kimilili and Webuye East to partner Savings and Credit Co-
operatives (SACCOs). This means that Vi trainings for farmer groups have been carried out by the
SACCOs for 2 years out of the study period from 2014 to 2016.
Despite the differences in project design, the training and seed distribution regimen over all
Vi’s projects is largely the same, and Vi’s expectation is that all their participants will become
adopters of agroforestry. Project-level differences create opportunities for analysis of differential
effects beyond the scope of this paper, but the projects are deemed similar enough to consider them
essentially the same treatment.
The creation of these two projects in Bungoma and Kakamega, where Vi had never had opera-
tions previously, and no other organization was focusing significantly on agroforestry, makes this
region attractive as a study area for evaluating Vi’s program impact.
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4 Study Area
The area included in this study comprises all of Bungoma County and the northern portion of
Kakamega County in Western Province, Kenya. This area was considered to have high potential
for an impact evaluation study because Vi Agroforestry had been promoting agroforestry practice
in this area since 2008, Vi staff considered adoption to be significant enough for an estimation of
impact to be feasible, and there remained a significant bordering area outside the Vi program area
which could be used for comparison purposes.
The zones included in the study encompass the base of Mt. Elgon and the sugar cane-growing
lower-midlands of Bungoma as well as the maize-growing upper-midlands of Eastern Bungoma
county and Kakamega (Jätzold and Kutsch, 1982). Elevation varies from approximately 1200 to
2100 meters above sea level (Jarvis et al., 2008; Kruska and Kariuki, 2016).
Vi concentrated its agroforestry extension work within Sirisia, Malakisi, Bumula, Kimilili,
Ndvisi, Tongaren and Likuyani Divisions of Bungoma and Kakamega Counties, as shown in figure
1. Within these divisions they further targeted by location–a smaller administrative unit–when they
did not have enough resources to cover an entire division, which primarily occurred in Tongaren
division.
This study will use Vi’s geographic targeting as an instrument for treatment assignment, a strat-
egy which requires the assumption that the targeted areas are not systematically different from the
areas outside Vi’s program area. One might be concerned that Vi might have assigned its program
such that areas with greater wealth, education, or agricultural potential were included. One also
might be concerned if different geographies experienced non-parallel trends in economic develop-
ment over the time-period, leading to different outcomes for reasons other than the agroforestry
program. I will argue that the program boundary delineates areas which are all within Vi’s target-
ing plan, such that they were not significantly different at baseline, and that the regions in the study
did not experience different trends in development over the time period. Combined with the use of
village matching, this leads to the conclusion that we can treat Vi’s treatment as being as good as
randomly assigned.
Vi targeted their program at farmer groups in locations which were dominated by small-scale
farmers, and where they perceived that farmers were somewhat less well off and farms were more
subject to erosion. However, the organization intended to provide services in a broader area in
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Bungoma county, but could not expand beyond the area depicted in figure 1 until 2015 due to
funding restrictions. Therefore it seems likely that the remaining area fits the profile of their target
area. Second, on a village-to-village basis there are few discernible differences between those
who are included in the program area and those who are not. According to staff, villages near
the location borders are likely to be identical, so long as the metropolitan areas of Bungoma and
Webuye towns are excluded.
It should also be noted that in 2010 Kenya underwent a rewrite of its constitution and recon-
figuration of administrative boundaries which devolved a high degree of authority to the counties
(Cornell and D’Arcy, 2014). As a part of this process the divisions and locations were reorganized
by the counties into sub-counties and wards, which in some cases corresponded with the old ad-
ministrative units and in other cases were the result of splitting or consolidating the older units.
This means that Vi’s geographic program targeting took place using administrative divisions that
were superseded only two years into the program. The result is that it seems unlikely that the
administrative boundaries which define Vi’s program area would be correlated with unobservable
differences in administrative quality or public goods provision which might confound our estimates
of the treatment effects.
Vi utilized the location boundaries current at the time of the program’s initiation to decide
where to focus its limited resources. This often, but not always, included entire divisions. Cru-
cially, many of these boundaries were reconsolidated during the devolution process following
Kenya’s 2010 constitution. Vi continued using the division and location boundaries from 2008,
though administrative authority is now granted to ward administrators. Wards are primarily com-
posed of the old locations, but they are smaller than the old divisions. To complicate matters
further, many public goods investments are directed through constituency development funds cor-
responding to the constituencies of members of parliament–which are proportional to population
and are not necessarily equivalent to wards (Barret, 2015). Furthermore, detailed maps showing
the exact boundaries of the post-2010 wards and constituencies are not publicly available in Kenya,
leading Vi’s staff to rely on pre-2008 maps for their program planning and staff allocation.
The discussion which follows will use these 2008-era administrative division names, though
many of these names and boundaries have changed, since these are the administrative units used
to assign the program in the baseline period. Due to funding limitations Vi was unable to expand
their operations into Bungoma Central, Bungoma South, or Webuye West Divisions until 2015.
So this area—along with part of Tongaren in which they did not operate, and Lugari Division in
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Kakamega—was identified as the non-program area to be included in the study.
Figure 1: Study Area
The background of shifting political and administrative units in the study area is important for
the identification strategy used in this thesis and the broader impact evaluation found in Hughes
et al. (2017), which relies on the argument that once I account for the geospatial variables which
may vary non-randomly across the program area boundary we can consider Vi’s program area as
being as good as randomly assigned. But despite the changes in administrative divisions it may
still be possible that the overlap between pre-2010 divisions and post-2010 constituencies might
imply a correlation with current administrative power and resource allocation, resulting in non-
parallel trends in economic development between the program and non-program villages. To test
this concern I examine night-time lights data for both the pre-study period from 2000 to 2007, and
the first five years of the study period, from 2007 to 2013.
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The National Oceanic and Atmospheric Administration’s DMSP-OLS Nighttime Lights dataset
represents annualized nighttime light images which have been found to be highly correlated with
localized economic development and infrastructure (Doll, Muller, and Morley, 2006). Figure 2
shows the change in nighttime lights from 2000 to 2007 within the study area. These data indicate
infrastructure growth in the urban areas surrounding the major towns in the study area: Bungoma,
Webuye and Kimilili, while the villages included in the study show night-time lights change near
zero both inside and outside the program area. This demonstrates that excluding villages near
Bungoma town effectively excludes almost all of the areas which experienced improvements in
electricity infrastructure and–by proxy–significant economic development in the pre-study period.
The pre-treatment trends in the night-time lights data provides evidence for the hypothesis that
non-parallel trends in economic development in the regions primarily center around patterns of
urban expansion. To adjust for this pattern we restricted the sampling frame to villages within 10
km of the C42 roadway–the major tarmac road leading to Bungoma town–and outside of a 2 km
buffer surrounding Bungoma town itself. This is intended to reduce the chance that differential
trends in economic development resulting from proximity or access to Bungoma town–which did
experience significant population growth both before and during the study period–might bias the
results.
Since the study was targeted primarily at rural villages, and the location surrounding Bungoma
town was specifically excluded from the sampling frame, most study villages are within cells which
show no change in nighttime lights from 2000 to 2007. Of those which do show positive change,
the majority are in the non-program area, since the peri-urban areas surrounding Bungoma and
Webuye are outside the program area. This means that if nighttime lights data are a reasonable
proxy for economic growth, and if economic growth has a measurable effect on the relative asset
wealth of the households in our sample, then the sampling frame has–if anything–biased any effect
size downward by including a few villages within the non-program area which experienced growth
in nighttime lights during the period when data is available. As a robustness test, outcome estimates
restricted to villages who experienced no change in nighttime lights are presented in the appendix.
The magnitude of the estimated treatment effect is slightly larger for some outcomes, but the
difference between the estimates is not statistically significant.
It thus seems probable that villages on either side of Vi’s program area boundary are highly
comparable to one another in terms of their baseline wealth and infrastructure investment. One
might still be worried that uneven investment in infrastructure from 2007 onward might create bias
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Figure 2: Study Area Nighttime Lights Change 2007-2013
in the treatment effect, but the available nighttime lights data from 2007 to 2013 also confirms
that the villages continue on parallel trends for at least the first half of the study period. Since
nighttime lights in the area seems to be primarily driven by urban infrastructure, this conforms
with our expectation and provides confirmatory evidence that uneven patterns of infrastructure
development in the study area cannot explain the observed treatment effect. Therefore I argue that
if we match villages on either side of the 2008 administrative boundaries using their geospatial
characteristics, we may assume that outcomes in the matched villages outside the control area will
form a valid counterfactual for the villages within the program area.
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5 Methods
The impact evaluation which forms the framework for this thesis used a variety of methods to
assemble its sampling frame and estimate the treatment effects of the agroforestry program. In
this section I outline the village selection procedure, including the propensity score model used to
create the matched sample. I then describe the geospatial dataset used for village-level matching,
as well as the household dataset drawn from surveys conducted in the matched villages, including
balance statistics at village and household level. I then introduce a subset of selected outcomes,
and the empirical strategy used to estimate treatment effects.
5.1 Village Selection Procedure
The execution of the village selection process described in this paper followed a four-step proce-
dure: (1) sub-location selection, (2) scoping survey administration, (3) geospatial variable assign-
ment, and (4) propensity score matching.
Figure 3: Village Selection Procedure
First, qualitative interviews were conducted to guide a purposive selection of sub-locations
(the smallest administrative unit in Kenya) for the study. These sublocations were selected from
Vi’s program area and the non-program area based on their similarity in terms of relative wealth
and agro-ecological characteristics. These interviews were carried out with Vi field staff, Kenya
Ministry of Agriculture field officers, and farmer group leaders. Once these interviews were carried
out the sample was restricted to these purposively matched sublocations.
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Second, a scoping survey was administered within villages in the matched sublocations. Local
consultants were hired to enter villages in the non-program areas, administer a short survey with a
key informant, and record the geocode of a place considered by the key informant to be the village
center. The scoping survey instrument recorded the number of households, determined if there
were active farmer groups which had been formed at or before the study period, and took note of
the activities and outside NGO or government support each of these groups received.
Third, the geocodes collected in the scoping survey were used to determine the values of the
following geospatial variables. A 1 km buffer was generated around each village’s central geocode,
then the Zonal Statistics tool in ArcGIS was used to calculate the average value across the raster
grids containing each variable’s values. The village average values were then assigned to the
dataset of village names using the Extract Multi Values by Points tool in ArcGIS, resulting in a
table of geospatial variables as described in the data section below.
Finally, the geospatial variables described in the data section below were used to assign a
propensity score and the villages were matched using this score. Due to the limited time before
enumeration was scheduled to begin, the scoping process was completed in four phases: the study
area was split into four zones, and the matching process was applied to each one separately as the
scoping data were collected. In each zone, the team selected fifteen villages in the program area
and fifteen villages in the comparison area for a matched sample of thirty villages in each zone. At
each stage the 30 best-matched villages were chosen by gradually reducing the caliper width using
Stata’s psmatch2 command, then balance was tested on the measured variables across the entire
sample of villages in the completed zones. Then, as the team of enumerators began collecting data
in the matched villages, the scoping team moved forward, matching the villages in each zone in
advance of data collection. The details of this process, including challenges met in the field and
their solutions, are described in full in the appendix.
5.2 Geospatial Data
Villages which contained farmer-led groups which had been active since the beginning of the study
period (2008-2016) were considered candidates for inclusion in the study. Using geocodes from
the village centers, geospatial variables were assigned to each village for input into the matching
model. The variables used to match villages include agro-ecological characteristics, as well as
socio-economic indicators such as population density and distance from major roads. These vari-
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ables were chosen because they are likely to effect agricultural yields and market access, and as
such they would likely be significant confounders of the measured treatment effect if the selected
villages were unbalanced across them. The following variables were chosen for inclusion in the
propensity score model:
• Number of Households
• Average Soil Sand Content (Vågen et al., 2016)
• Average Soil pH (ibid.)
• Average Soil Organic Carbon in 2007 (ibid.)
• Average Tree Cover in 2005 (Sexton et al., 2013)
• Elevation (Jarvis et al., 2008; Kruska and Kariuki, 2016)
• Average Population Density in 2010 and 2015 (Stevens et al., 2015)
• Average Rainfall (Funk et al., 2015)
• Distance to Tarmac Road
• Binary for Villages 0.25 m from Tarmac Road ("on road")
• Binary for presence of microfinance activities
Elevation, tree cover, population density and soil variables were measured as an average value
calculated across a circle 1 km in radius extending from a central point in the village. Rainfall
was measured as the value of the raster cell in which the village center was found. The cells
for the Climate Hazards Infrared Precipitation with Stations (CHIRPS) rainfall dataset measure
approximately 5.5 km across (ibid.).
Household numbers were taken from the village-level scoping survey. The consultants re-
quested the number of households from leaders of farmer groups, and if they were unable to esti-
mate this number they requested it from a village elder. The tarmac road network was taken from
OpenStreetMap data, and ground-truthed by travel in the region. The binary for the presence of mi-
crofinance activities was taken from Vi’s records on their participating groups and from the scoping
survey in the case of comparisons. Activities listed as "table banking" or "merry-go-round" were
counted as microfinance activities.
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5.3 Propensity Score Matching
The identification strategy for the impact evaluation of Vi’s program assumes that if the geospa-
tial characteristics which may vary non-randomly across the boundary of the program area are
accounted for, then the program area is as good as randomly assigned (Hughes et al., 2017). So a
method is needed to account for geospatial variables that might effect both selection and outcome
such as soil type, average rainfall, or distance to major roads. The chosen methodology described
here implements a matching design across villages in the study area.
To select comparison villages, we utilize a matching estimator used in the social sciences to
match individuals across observable variables (Abadie and Guido W Imbens, 2006). Applying
this method to villages allows us to compare households in villages within the program area to
household in villages outside the program area which are similar across the range of relevant
covariates. Matching assumes that average treatment effects τ can be estimated by taking the
average of the difference between the expected outcome Y of untreated observations–conditional
on a vector of covariates X–from the expected outcome of the treated observations conditional on
the same covariates, as seen in equation one, where W = 1 denotes treatment assignment and W =
0 represents non-treatment.
τ= E[E[Y |W = 1,X = x]−E[Y |W = 0,X = x]] (1)
(ibid.)
This methodology has been used to estimate the effects of protected areas (Andam, Ferraro,
Pfaff, et al., 2008; Andam, Ferraro, Sims, et al., 2010; Honey-Rosés, Baylis, and Ramírez, 2011),
a similar application in that national parks and other protected areas are designated non-randomly,
but a particular geographic unit’s assignment to the area inside or outside the park may be con-
sidered as good as random, conditional on its being matched across relevant geospatial values.
This literature includes examples of matching on observational units at multiple scales, including
pixels in a raster grid (Andam, Ferraro, Pfaff, et al., 2008; Robalino, Pfaff, and Villalobos, 2015),
polygons corresponding to land management units (Honey-Rosés, Baylis, and Ramírez, 2011), and
census tracts (Andam, Ferraro, Sims, et al., 2010). Our analysis focuses on a 1 km circular buffer
drawn around each village considered for the study.
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Matching designs in the literature use two primary methodologies for assessing observations’
similarity across covariates: nearest neighbor and propensity score matching (Joppa and Pfaff,
2010). Nearest neighbor matching calculates the multi-dimensional distance between two obser-
vations given the vector of covariates. Propensity score matching condenses the covariates to a
single score using a regression model to calculate each observation’s conditional probability of
receiving treatment given the covariate values (Rosenbaum and Rubin, 1983). Propensity score
matching was identified as the most appropriate method, since the objective was to identify com-
parison villages with a high conditional probability of being included in the program area given
the measured geospatial variables.
The propensity score is defined formally as the probability of treatment, conditional on a vector
of covariates. The propensity score model can be expressed by equation two below:
e(Xi) = Pr(Ti = 1|Xi) (2)
Where e(Xi) is the probability of being included in the treatment group, and Xi is the vector of
covariates listed above. The propensity score was generated using a probit model estimated within
Stata by the psmatch2 command. The probit model takes the form:
z = Xβ+ ε (3)
Where z is an unobserved variable and y is the observed binary corresponding to treatment
assignment such that:
yi =
{
1 if zi ≥ 0
0 if zi ≤ 0
(4)
Following propensity score estimation, villages were matched based on their propensity scores,
providing a sample of villages with similar predicted probabilities of receiving treatment. After
matching, covariate balance was checked to confirm that the process generated a sample of villages
for which treatment and comparison villages are balanced across all selected covariates. This
covariate balance is shown in table 1.
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5.4 Village-Level Balance
After sampling, a team of enumerators was sent to the villages to interview the selected respon-
dents. The enumerators collected geo-codes at each household. Once data collection was complete,
a village center point was generated by calculating the mean center of these household points. In
some cases this location was somewhat different from the original village point collected by the
scoping team, so post-data collection balance was tested in order to check that balance remained
consistent in the actual villages where sampling took place.
Table 1 below includes balance statistics for treatment and comparison villages across the se-
lected set of geospatial variables, using the entire set of candidate villages for which geocodes
were available. Table 2 presents balance statistics for only those villages which were selected
using the matching methodology. Note the improvement in match balance in terms of elevation
and rainfall between treatment and control, and that none of the variables in the matched sample
are significant at the 5% level, indicating that it is not possible to reject the hypothesis that these
villages are identical across the given variables. I therefore argue that the program area villages
are indistinguishable from the non-program area villages across the measured variables.
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Table 1: Balance Statistics for All Candidate Villages
Sample
Mean
Program
Mean
Non-Program
Mean
Normalized
Difference Difference/se
Soil Sand Content 20.54 20.57 20.50 -0.01 0.07
(0.87)
Soil pH 5.94 5.95 5.93 -0.12 0.02
(0.01)
Tree Cover 2005 6.55 6.55 6.54 -0.00 0.01
(0.27)
Elevation 1584.93 1598.38 1565.75 -0.15 32.63
(17.02)
Population Density 2010 4.47 4.46 4.48 0.01 -0.02
(0.13)
Soil Organic Carbon 2007 25.60 25.14 26.26 0.12 -1.12
(0.72)
Rainfall 133.60 130.06 138.65 0.34 -8.59∗∗∗
(1.81)
Distance to Road 0.03 0.03 0.03 -0.11 0.00
(0.00)
On Road 0.06 0.05 0.07 0.08 -0.03
(0.02)
Observations 376
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Table 2: Balance Statistics for Matched Villages
Sample
Mean
Program
Mean
Non-Program
Mean
Normalized
Difference Difference/se
Soil Sand Content 19.96 20.57 19.36 0.11 1.21
(1.42)
Soil pH 5.95 5.97 5.94 0.20 0.03
(0.02)
Tree Cover 2005 6.07 5.97 6.17 -0.06 -0.21
(0.45)
Elevation 1570.52 1575.63 1565.49 0.05 10.13
(26.18)
Population Density 2010 4.41 4.40 4.43 -0.02 -0.03
(0.22)
Soil Organic Carbon 2007 25.57 24.71 26.43 -0.19 -1.72
(1.16)
Rainfall 136.71 133.97 139.40 -0.23 -5.42
(2.90)
Distance to Road 0.03 0.03 0.03 0.07 0.00
(0.00)
On Road 0.02 0.02 0.03 -0.07 -0.02
(0.03)
Observations 121
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5.5 Household Dataset
Having shown that the sets of villages inside and outside the program area are balanced across
village-level geospatial variables, it remains to be seen that the sample of households within these
villages are indistinguishable across socio-economic variables. We expected the households to be
balanced on socio-economic characteristics in as much as they would be correlated with geospatial
variables. However it remains an empirical question.
The data used in this analysis are the result of household surveys administered to randomly se-
lected members of Self-Help Groups (SHGs) existing in the villages through the matching process
described above. After village selection was complete, an advance team of enumerators was sent
to each village ahead of the data collection team to prepare lists of farmer group members. The
project’s sampling frame required that all respondents in both treatment and comparison areas pass
the following screening criteria:
• Must be a member of a group that was formed in the year 2008/09 or before
• Must have been an active member of that group since 2008/09 or before
• Household must have existed in 2007 or before
• Household must have been farming the same main parcel of land from 2007 to the present
These screening criteria guarantee that all respondents in the non-program area have been active
members of SHGs for the entire study period, ruling out the possibility that the treatment effect
produced by the program is due to Vi’s model of service delivery, which operates through the
recruitment of pre-existing SHGs.
The sampling team contacted farmer group leaders in the selected villages and requested lists
of members who met the above screening criteria. Once the lists from each group in the village
were assembled they followed a random selection procedure to select 12 female respondents and
12 male respondents from each village, when equal numbers of males and females were available
in the SHGs’ membership. When male participation was not sufficient, a sample of females was
substituted. These respondents were then informed and mobilized by the group leaders so that they
would be present and available for interviews at the time chosen for data collection.
The survey was administered to 2,860 households from 121 villages, of which 63 households
were dropped from the sample due to data quality issues or violation of the screening criteria,
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leaving 2,797 observations in the dataset. Summary statistics for this sample are shown in table 3.
Table 3: Summary Statistics for Baseline Variables
Sample Mean Program Mean Non-Program Mean
Distance to Road 3.02 3.08 2.96
Respondent Luhya 0.97 0.97 0.98
number of productive adults in HH 3.51 3.52 3.50
number of children in HH 3.64 3.56 3.71
number of adults in HH 2.96 2.97 2.94
Respondent Literate 0.89 0.89 0.89
Years of education head 9.14 9.08 9.20
female headed HH 0.22 0.22 0.22
Formal Land Title 0.33 0.35 0.32
Respondent Holds Land Title 0.58 0.55 0.62
HH Member Formally Employed 0.15 0.16 0.13
HH Member Owns Business 0.30 0.30 0.31
HH Member Farmer 0.98 0.99 0.98
Land Size at Baseline 2.33 2.29 2.37
HH Owns Livestock 0.59 0.62 0.57
PCA-Weighted Assets 2007 1.51 1.54 1.49
Predicted Per Capita Expenditure 2007 3.97 4.02 3.93
Observations 2797
5.6 Balance at Household Level
Given this sample of households which was matched at the village level, two empirical questions
remain: is the sample well-balanced at the household level, and did the matching process improve
on a simple selection of random villages on either side of the program boundary?
The balance statistics in table 4 demonstrate that the resulting sample is indeed balanced across
baseline socio-economic variables. While we are not able to reproduce a sample using a simple
random selection across the boundary, we can provide evidence which may address the second
question by splitting the sample into the closest matched villages and the farthest, based on propen-
sity score, and compare balance in these split samples.
Table 5 displays balance statistics for a sub-sample of the population chosen by using a caliper
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Table 4: Balance Statistics for Whole Sample
Difference Normalized Difference
Distance to Road 0.12* 0.04
Respondent Luhya -0.01 -0.04
Formal Land Title 0.03* 0.04
female headed HH -0.00 -0.01
HH Member Formally Employed 0.03** 0.06
HH Member Owns Business -0.00 -0.00
HH Member Farmer 0.00 0.03
Land Size at Baseline -0.08 -0.02
HH Owns Livestock 0.06*** 0.08
PCA-Weighted Assets 2007 0.06 0.04
Predicted Per Capita Expenditure 2007 0.09 0.03
Observations 2797
* p<0.1, ** p<0.05, *** p<0.01
of 0.1 on the original village matching model, implemented in Stata using the psmatch2 command.
Table 6 reports balance statistics for the rest of the sample, those villages not within the 0.1 caliper.
Observe that the observations presented in table 4, where the village matching is restricted to a 0.1
caliper, are much better matched than the other specifications, including the whole sample shown
in table 3, with no variables for which we can rule out the null hypothesis that they are identical
with greater than 95% certainty.
It should also be noted that the sample shown in table 6 is already likely to be better matched
than a sample using a random selection of villages in the study area, since it still only contains
villages which were matched across geospatial variables. So if it is true, as indicated by the im-
proved match within the 0.1 caliper, that the village matching process results in a closer matched
sample, then it is likely true that even the worst-matched half of the presented sample would match
closer than a sample which included the other villages discarded by the PSM model. Moreover the
fact that a more restrictive village match results in a sub-sample better matched across household
variables can be considered evidence that the village matching methodology is an improvement
over an unmatched sample.
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Table 5: Summary Statistics for Sample Inside 0.1 Caliper
Difference Normalized Difference
Distance to Road 0.12 0.05
Respondent Luhya 0.01 0.04
Formal Land Title 0.02 0.04
female headed HH 0.00 0.01
HH Member Formally Employed -0.01 -0.02
HH Member Owns Business -0.01 -0.02
HH Member Farmer 0.01 0.05
Land Size at Baseline 0.12 0.04
HH Owns Livestock 0.04 0.06
PCA-Weighted Assets 2007 -0.05 -0.03
Predicted Per Capita Expenditure 2007 -0.09 -0.03
Observations 1428
* p<0.1, ** p<0.05, *** p<0.01
Table 6: Summary Statistics for Sample Outside 0.1 Caliper
Difference Normalized Difference
Distance to Road 0.12 0.04
Respondent Luhya -0.03*** -0.14
Formal Land Title 0.03 0.05
female headed HH -0.01 -0.02
HH Member Formally Employed 0.07*** 0.15
HH Member Owns Business 0.01 0.02
HH Member Farmer 0.00 0.01
Land Size at Baseline -0.28** -0.08
HH Owns Livestock 0.07*** 0.10
PCA-Weighted Assets 2007 0.16*** 0.10
Predicted Per Capita Expenditure 2007 0.28** 0.09
Observations 1369
* p<0.1, ** p<0.05, *** p<0.01
By way of comparison, restricting the sample to a subset of villages which cluster closely
around the boundary between the program and non-program areas also results in a matched sam-
ple with smaller differences between program and non-program average values. Table 6 displays
balance statistics for roughly half of the sample which is closest to the boundary between program
and non-program areas. Table 7 shows the balance statistics for the other half of the sample, taken
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from villages farther away from the program boundary.
Table 7: Summary Statistics for Closest Half of Sample
Difference Normalized Difference
PCA-Weighted Assets 2007 0.07 0.04
Predicted Per Capita Expenditure 2007 -0.02 -0.01
Distance to Road 0.52*** 0.19
On Road -0.02* -0.07
Formal Land Title 0.01 0.01
Land Size at Baseline -0.17 -0.05
HH Owns Livestock 0.04 0.06
Respondent Received Technical Education 0.02* 0.07
Max Years of Education in HH -0.17 -0.04
Observations 1350
* p<0.1, ** p<0.05, *** p<0.01
Table 8: Summary Statistics for More Distant Half of Sample
Difference Normalized Difference
PCA-Weighted Assets 2007 0.05 0.03
Predicted Per Capita Expenditure 2007 0.20* 0.07
Distance to Road -0.25** -0.09
On Road -0.00 -0.01
Formal Land Title 0.05** 0.08
Land Size at Baseline 0.01 0.00
HH Owns Livestock 0.07*** 0.10
Respondent Received Technical Education 0.02 0.06
Max Years of Education in HH -0.28 -0.06
Observations 1447
* p<0.1, ** p<0.05, *** p<0.01
Note that the balance statistics for the villages which are closest to the program boundary are
indeed somewhat better than the balance statistics for the more distant villages. But one variable
in particular has a larger difference for the closer sample: distance to road. Restricting the sample
to those which are simply closest to the program boundary resulted in forcing some matches with
varying distances to the nearest tarmac road. This would create a sample where the program area
villages have a higher degree of access to markets, potentially biasing the sample.
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In this case the the distance to road variable highlights the greater flexibility of the village-
level propensity score matching methodology. This illustrates a strength of the propensity score
matching methodology over a simple spatial discontinuity: it allows us to assemble a sample with
an explicit goal of balancing over a vector of relevant covariates. It might often be the case that
infrastructure or town centers may be sited in such a way that a simple comparison within and
without an area might lead to bias. In this case matching may well outperform a simple comparison
across borders, since it enables us to utilize a wider set of villages across space while narrowing
the candidates down though matching across a set of variables.
5.7 Dependent Variables
In order to examine the sensitivity of the outcomes to the match balance, we will present results
for the primary household wealth outcomes used in the Vi Agroforestry impact evaluation. The
primary dependent variable presented here is a measure of asset wealth: an asset index constructed
by performing Principal Component Analysis on the set of assets included in the household survey.
The household survey recorded ownership as well as quality characteristics of over a hundred dif-
ferent household assets in five categories: household items, transportation, agricultural equipment,
livestock, and housing characteristics. Of these, we created 91 binary asset variables by categoriz-
ing the quality as above or below the median quality for each asset, and in some cases combining
assets such as sheep and goats into a single indicator. The result is a matrix of binary variables
indicating asset ownership in 91 categories.
Principal Component Analysis (PCA) reduces this matrix into a single component by using
the leading eigenvectors of the covariance matrix to construct a component which maximizes the
over-all variance within the matrix (StataCorp, 2013). This component is assumed to represent the
underlying construct represented by the 91 asset variables. Therefore the asset score generated by
the predict command following PCA in Stata is taken to be a measure of the over-all asset wealth
of the household.
The asset index score given to each household in this methodology is a weighted sum of the
assets which they own, with the weights derived from the standardized first principle component
of matrix described above. The asset index score can be represented by equation three:
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Ai = γˆ1ai1+ ...+ γˆkaik (5)
Where Ai is the asset score given to each observation, a1−ak represent the list of assets included
from the survey data, and γ1− γk represent the weights derived from the first principal component
assigned to each asset respectively (Sahn and Stifel, 2003).
The PCA method for deriving an asset index has been found to correlate well with consumption
expenditure (Filmer and Pritchett, 2001) and even to outperform consumption expenditure as a
predictor of household nutrition indicators (Sahn and Stifel, 2003). In this study the asset index
estimated for 2016 asset holdings has a correlation coefficient of 0.52 with 2016 daily consumption
expenditure, and the differenced asset index measure has a correlation coefficient of 0.74 with
a differenced measure of predicted consumption expenditure. Additionally, following Sahn and
Stifel (2003) we also find that the PCA asset index is more highly correlated with dietary measures
than is the level of consumption expenditure, with a correlation of 0.23 between assets and the
number of dietary categories consumed in the last 24 hours, as compared to a correlation of 0.15
for consumption expenditure.
In addition to the PCA-constructed asset index for 2016, we also construct a measure of prin-
cipal component-weighted growth in asset wealth. This second asset measure consists of a set of
assets presumed to be commonly owned in both 2016 and 2007 (excluding items such as comput-
ers and cell phones, which were not widespread in rural Kenya in 2008), which are differenced,
and PCA analysis performed on the positive differenced binaries. Thus the underlying construct is
assumed to be positive growth in asset wealth over the period from 2007 to 2016.
An alternate way to generate this outcome variable would be to generate a separate score in
each time period, then the two asset indices are differenced to reflect change over time. This
procedure has the theoretical advantage of accounting for differences in asset value during the two
periods, i.e. if a radio was relatively more expensive and therefore represented a higher level of
over-all wealth in 2007 than in 2016 this procedure would account for that difference (Moser and
Felton, 2007). However, this has the disadvantage of not explicitly measuring which assets are
most correlated with growth in asset wealth over time, which is an important concern of the study.
The two methods of principal component analysis are highly correlated with a coefficient of
0.84. This paper focuses on the PCA-weighted growth in assets, with weights assigned according
to the principal component associated with the differenced binaries. But the outcome regression
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coefficient if using the variable constructed by separate weights from 2007 and 2016 is qualitatively
similar, with the same sign, but wider standard errors. See appendix for results using this alternate
outcome variable.
In addition to the PCA-derived outcome variable, impact evaluation research team wished to
express the treatment effect in terms of household expenditure. Since expenditure information
was not available from the baseline period, this was achieved by regressing present expenditure
on the set of current assets. This model was then fitted to the set of assets recalled from the
baseline period, and the predicted expenditure given 2007 assets was used as an approximation of
baseline expenditure. This procedure draws on examples from Christiaensen et al. 2012, Ahmed
and Bouis 2002 and others in the poverty mapping literature, who use similar methods to predict
expenditure across space given the availability of a simplified set of predictive data points. The
resulting variable, produced by taking the difference between 2016’s predicted expenditure and
2007 predicted expenditure, can be described as differenced predicted expenditure, or as growth in
assets weighted by their correlation with expenditure. In this way it resembles the PCA measure,
but interpretation of its magnitude is simpler as it can be expressed in terms of expenditure growth
in dollars adjusted for purchasing power parity (PPP).
Both of the asset measures described above require the assumption that the correlations be-
tween each asset and the full set of assets (in the case of the PCA measure) or between each asset
and expenditure (in the case of predicted expenditure) must remain essentially the same over time.
In order to make this assumption plausible, items like cell phones and computers, whose price and
availability have clearly changed over time, were dropped from consideration. The rest of the asset
list was judged by the survey authors and local informants to be relatively static in their value over
time during the study period.
5.8 Empirical Models
To estimate the effects of the Vi Agroforestry extension program on household assets and expendi-
ture, I use three models. Intention to Treat effects are given by the OLS model shown in equation
6, where P represents residence in a village within the Vi program area, the coefficient τ repre-
sents the ITT effect of the program, and x1− xk is a vector of covariates with coefficients β1−βk
respectively.
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Y = β0+ τP+β1x1+ ...+βkxk + ε (6)
As a robustness test I also present ITT effects using an inverse-probability weighted, regression-
adjusted (IPWRA) estimator. This doubly-robust model controls for the impact of outliers by
weighting observations by their probability of being included in treatment, as well as estimating a
linear model of the outcome in both the treatment and control groups and taking the treatment effect
from the differenced expected values in each group. In equation 7 below, τ represents the estimated
treatment effect found by taking the average of the difference between the predicted outcome µˆ
given by linear model gk, estimated for the treatment population (ti = 1) and the control population
(ti = 0). Observations in this model are weighted by their inverse probability of receiving treatment,
given by wi in equation 9.
τ= 1/n
n
∑
i=1
{µˆi,k,wreg(Xi, ti = 1)− µˆi,k,wreg(Xi, ti = 0)} (7)
gk(µi,k) = γkti+ xiβk; (8)
with inverse probability weights given by:
wi = ti/ρˆi+(1− ti)/(1− ρˆi) (9)
where ρ = the estimated probability of residing in the program area give the vector of covariates
X . (Kreif et al., 2013)
This model is called "doubly-robust" because if either of the treatment model which provides
the inverse-probability weights, or the outcome model which provides the regression adjustment,
is misspecified, the estimate remains unbiased. The fact that the ITT effects remain qualitatively
the same in both the OLS and doubly-robust models is an indication that the treatment effect is
unlikely to be entirely driven by outliers.
I also present Local Average Treatment Effects estimated by a Two-Stage Least Squares model.
In this model, residence in a village within the Vi Agroforestry program area is used as an instru-
ment for participation in Vi’s program. The first stage, shown by equation 10, fits a model where
v represents participation in the Vi program, given residence in the program area P and a vector of
covariates x1− xk with coefficients δ1−δk respectively.
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v = δ0+ τP+δ1x1+ ...+δkxk + ε (10)
In the second stage, the local average treatment effect is given by the coefficient ρ correspond-
ing to the fitted value generated by the first stage equation.
y = γ0+ρvˆ+ γ1x1+ ...+ γkxk +η (11)
To conclude that ρ in the equation above represents an unbiased estimate of the effect of partici-
pation in Vi Agroforestry’s program we must rely on two primary assumptions: that the outcome is
uncorrelated with the instrument, the program area, and that the program area effects the outcome
only by way of increasing the probability of participating in Vi’s program (Angrist and Guido W.
Imbens, 1995).
Given the discussion above concerning the boundaries of the program area, I would argue that
both assumptions are likely to hold in this case. If we observe that the program area is defined
by outdated administrative boundaries, and contains rural villages which experience little to no
change in infrastructure or economic development as measured by nighttime lights during the pre-
study period, it seems reasonable to assume that no other intervention or investment which might
effect the outcome is significantly correlated with Vi’s program area.
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6 Results
6.1 Wealth Outcomes
Rows 1-3 of table 9 report the coefficients of interest corresponding to the OLS model, the doubly-
robust IPWRA model and the two-stage least squares (2SLS) model respectively. Column 1 dis-
plays the treatment effect where the principal component-weighted asset index is the outcome.
Column 2 contains the coefficients where differenced predicted household expenditure is the out-
come, and column 3 contains values for the coefficients associated with differenced predicted per
capita expenditure.
All equations use fixed effects at the zone level, corresponding to Vi’s program zones, which
have separate staff. All specifications presented in table 8 use a vector of covariates which a
model of the household production function would predict might have an impact on the outcome,
along with covariates which were correlated with the program area at the 10% significance level.
Results from specifications using a more parsimonious set of covariates including only those which
correlate with the program area can be found in the appendix, as well as specifications with county
fixed effects.
The local average treatment effect estimation for the PCA-derived asset index is 0.09. This
corresponds to approximately 12% of the mean in the differenced variable. In other words, this
treatment effect indicates that program participation is associated with 12% more growth in assets
over the course of the study period compared to non-participation. An additional note which may
help in interpreting this coefficient: 0.09 is similar in scale to the component weights assigned
to kitchen utensils or pots and pans. This means that participation in the program has a similar
correlation with the underlying construct measured by the first principal component as, say, a set
of pots and pans, while it has a lower correlation than large assets such as improved walls or
flooring material.
In terms of growth in predicted consumption expenditure, the participation in Vi’s program
is associated with a $0.39 PPP increase compared to the non-participants. As you might expect,
since both measures are based on the same underlying assets, just as in the PCA asset index this is
equivalent to 12% of the mean difference. Relating it to expenditure in purchasing power parity-
adjusted dollars allows us to more straightforwardly compare this change over time to the baseline
mean. The effect size is approximately 3% of mean baseline predicted consumption expenditure
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per household, which is about $13.00 per household, per day. The per capita numbers, adjusted
for household size and household returns to scale, retain the same ratio. In terms of commonly
consumed food items in the local market, the effect on expenditure scales to almost 2 chapatis (a
flatbread commonly consumed in East Africa) per household per day, or approximately one small
avocado per person per day.
Table 9: Wealth Outcomes
(1) (2) (3)
PCA-Weighted
Asset Growth
Predicted
Household Expenditure
Predicted
Per Capita Expenditure
OLS 0.07*** 0.31* 0.10*
(0.02) (0.18) (0.06)
IPWRA 0.07*** 0.30* 0.09
(0.02) (0.18) (0.06)
2SLS 0.09*** 0.39* 0.12*
(0.03) (0.23) (0.07)
Observations 2785 2785 2785
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
6.2 Outcome Sensitivity to Match Balance
As with the sample balance, the wealth outcome estimates are somewhat effected by the quality of
the geospatial match. Tables 10, 11 and 12 display ITT estimates for each of the primary outcome
variables using a nested model to compare the outcomes using the worst-matched sample (villages
with propensity scores outside 0.1 caliper), and outcomes using the best-matched sample (inside
the 0.1 caliper). Column 1 shows results for the villages outside the 0.1 caliper, column 2 shows
results for villages inside the 0.1 caliper, and column 3 replicates the results above from the entire
sample.
Note that the point estimates are indeed effected by the match quality, and the estimates in
the sample outside the 0.1 caliper are higher than those from the sample inside the caliper. This
indicates the possibility of upward bias if no matching used to select the sample. However, a test
for equality of coefficients cannot rule out the null hypothesis that they are equal. So the upward
trend as match balance worsens seems to indicate that the matching process may have prevented
upward bias, though it is impossible to fully account for variation which might occur out of sample
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in the absence of outcome data from villages not included in our sampling frame.
Table 10: PCA Assets: ITT Estimates with Samples Inside and Outside 0.1 Caliper
(1) (2) (3)
Outside Caliper Inside Caliper Full Sample
ITT (OLS) 0.086** 0.051 0.069***
(0.036) (0.036) (0.024)
Observations 2785 2785 2785
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
Table 11: Differenced Predicted Household Expenditure: ITT Estimates with Samples Inside and
Outside 0.1 Caliper
(1) (2) (3)
Outside Caliper Inside Caliper Full Sample
ITT (OLS) 0.406 0.205 0.306*
(0.270) (0.258) (0.179)
Observations 2785 2785 2785
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
Table 12: Differenced Predicted Household Expenditure: ITT Estimates with Samples Inside and
Outside 0.1 Caliper
(1) (2) (3)
Outside Caliper Inside Caliper Full Sample
ITT (OLS) 0.406 0.205 0.306*
(0.270) (0.258) (0.179)
Observations 2785 2785 2785
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
The distribution of baseline expenditure provides further indication that the matching process
appears to have improved covariate balance in the sample. Figure 4 shows the distribution of
predicted 2007 expenditure inside and outside the program area, within the sample using the 0.1
caliper and within the sample outside the 0.1 caliper.
The following tables also display the two-sample Kolmogorov-Smirnov (KS) Test for equality
of distributions. Note that in the sample drawn from matched villages outside the 0.1 caliper we
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can reject the hypothesis that the distribution of baseline predicted expenditure inside and outside
the program area are the same. However, in the better matched sample from villages matched
inside the 0.1 caliper we cannot reject the null that the baseline values in the program area are
identical to the values outside the program area. Similarly, we cannot reject the null in the case of
the full sample. This provides further evidence that the geospatial matching process contributed
to selecting a sample that was well-matched on both the mean and the distribution of baseline
household expenditure.
Figure 4: Distribution of Baseline Predicted Expenditure
Table 13: Two-Sample Kolmogorov-Smirnov Test
Sample Outside 0.1 Caliper
Maximum Difference P-value
Non-Program Area Smaller .0688701 .0778075
Program Area Smaller .0688701 .038906
Combined K-S Test -.0086803 .949733
Table 14: Two-Sample Kolmogorov-Smirnov Test
Sample Inside 0.1 Caliper
Maximum Difference P-value
Non-Program Area Smaller .0228957 .9920803
Program Area Smaller .0170202 .8132267
Combined K-S Test -.0228957 .6878917
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Table 15: Two-Sample Kolmogorov-Smirnov Test
Full Sample
Maximum Difference P-value
Non-Program Area Smaller .0372516 .2864071
Program Area Smaller .0372516 .1436291
Combined K-S Test -.008276 .9086643
6.3 Model Fit and Match Balance
In addition to increasing the similarity of the baseline outcome distributions between treatment
and control, the village matching process improves the model fit of the estimated outcome model.
Using the same division of the sample into a best-matched half and worst-matched half based
on a caliper restriction in the propensity score model, I estimate the OLS model displayed in the
outcomes above, omitting the treatment variable. This model has an R-squared statistic of 0.16 in
the worst-matched sample, while in the best-matched sample the R-squared is 0.19. This difference
in model fit results in a significant difference in predicted statistical power, since a reduction in
noise reduces the chance of accepting a false null hypothesis. Figure 5 depicts power plotted
against necessary sample size given an R-squared of 0.16 vs. 0.19. Notice that in order to achieve
statistical power of 0.8 with an R-squared of 0.16, a sample size of approximately 1400 would be
necessary, whereas with an R-squared of 0.19, a sample size of only 1100 would be sufficient.
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Figure 5: Statistical Power by Match Quality
6.4 Distribution of Propensity Scores
Though it is impossible to assess the distribution of the outcome variables outside of the matched
sample since survey data was only collected within the villages selected by the matching model, it
is possible to examine the distribution of the propensity scores derived from the available geospatial
data for all villages. The distribution of estimated propensity scores both inside and outside of the
matched sample of villages is depicted in figure 6. Notice that the double-peaked pattern in the
out-of-sample set of villages disappears in the distribution from the matched sample of villages.
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Figure 6: Distribution of Propensity Scores
The range of the propensity scores is also wider in the set of villages outside the matched
sample. The table below indicates the range of the propensity scores in the best-matched sample,
the worst matched sample, the matched sample as a whole, and the set of villages outside of the
sample. Not that the worst-matched half did not have enough observations on common support
for the model to generate propensity scores, leaving it with a range of one. This is because of the
smaller number of observations and the decision to include a zone of operations covered by the
NGO which cut across areas with different levels of rainfall.
The table also displays the R-squared statistic of the outcome model and the standard deviations
of the baseline asset variable for each sample. This indicates the progressive loss of power as
the samples lose their degree of match balance. If the trend in the increasing range seen in the
propensity scores gives any indication, it could be that the variation in outcomes and decrease in
model fit outside of the matched sample would increase corresponding to the variability of the
geospatial variables, leading to an increase in the necessary sample size required to detect the
treatment effect.
Table 16: Model Fit & Variance by Matched Sample
Best-Matched
Half Sample
Worst-Matched
Half Sample
Full
Sample
Outside
Sample
Range of Propensity Score 0.62 1.0 0.91 0.97
Model R-squared 0.19 0.16 0.16 NA
Standard Deviation of Baseline Assets 1.04 1.08 1.06 NA
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6.5 Alternate Spatial Models
In addition to the matching strategy which is described above, there are two other approaches
which might be considered for use in a design like this one in which spatial variation plays a strong
role: spatial regression discontinuity and spatial fixed effects. Spatial regression discontinuity
treats distance from the boundary between the treatment area and the untreated area as a running
variable, with a sharp discontinuity at the boundary which is taken to be the effect of treatment
(Keele and Titiunik, 2015).
This design assumes continuity across space—i.e. that all covariates vary smoothly across
space so that it is possibly to treat the distance from the boundary as a continuous running variable.
This assumption may be violated in the case of the Vi program area, in which features such as
soil types and tarmac roads cut across the area, creating important variations which do not vary
smoothly with distance from the program area boundary.
Imagine a patchwork of spatial variables overlaid non-continuously with boundaries which do
not smoothly vary across space. If the corridor around the program area boundary happened to
include some pixels with high values of a particular variable, the spatial RD estimator would suffer
from omitted variable bias. The spatial RD also relies on a mass of data near the boundary line,
so if the data points are more dispersed there might be increasing possibility of such bias. The
matching estimator on the other hand, which allows greater heterogeneity in terms of distance,
explicitly controls for the variables in the model, solving this problem if the correct covariates are
specified.
Nevertheless I present the spatial RD results in table 17, as produced by the rdrobust command
in Stata 14. Note that for the PCA-weighted asset measure the results are almost double the coef-
ficient from the matching design presented above. It is difficult to rule out the hypothesis that this
estimation is biased upward by the way in which the covariates are distributed across space.
Figure 7 demonstrates one reason why this methodology might introduce bias given the study
area for this project. Note that soil sand content—an important measure of soil texture with consid-
erable agronomic significance—is not distributed in an even gradient across the program boundary.
In fact, if you matched villages solely based on nearness to the boundary you would likely com-
pare villages with high sand content (the light colored region in the left of the figure) to villages
with low sand content (the dark colored region in the center). If there is concern that sand content
might effect the outcome being measured–which is a consideration in the present study given its
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Table 17: Spatial Regression Discontinuity Results
(1) (2) (3)
PCA-Weighted
Asset Growth
Predicted
Household Expenditure
Predicted
Per Capita Expenditure
RD_Estimate 0.169∗ 2.359∗∗∗ 0.358
(2.11) (3.55) (1.81)
N 1489 1207 1489
Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
agricultural nature–then it may be more desirable to match villages with high sand content with
other villages on the other side of the peninsula of low sand content, creating a match which is
more similar across observable soil characteristics though the villages are farther apart.
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Figure 7: Sand Content on Either Side of Program Boundary
Another way to account for variation across space in the treatment effects estimation would be
spatial fixed effects. In order to implement a spatial fixed effects model we restrict the observations
to those which are near to the boundaries between program and non-program areas. We then add
a variable indicating for each village which of the five program boundary lines is nearest. The
combination of this spatial restriction and the variables for boundary lines provides a fixed effect
for the neighborhood each observation occupies, allowing a comparison within a narrow spatial
extent, and controlling for whatever unobservable differences might vary across wider spaces in
the study area (Magruder, 2010).
This specification is essentially a more localized set of fixed effects than was used for the
primary models presented in table 9, which included fixed effects for the program zone–a set
of 4 zones determined by Vi Agroforestry’s staffing allocation. The spatial fixed effect controls
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Table 18: Wealth Outcomes with Spatial Fixed Effects
(1) (2) (3)
PCA-Weighted
Asset Growth
Predicted
Household Expenditure
Predicted
Per Capita Expenditure
OLS 0.07** 0.37 0.11
(0.03) (0.25) (0.07)
2SLS 0.09** 0.48 0.15
(0.04) (0.33) (0.10)
Observations 2340 2340 2340
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
for variation across the five boundary lines demarcating the program area. The results from this
specification are qualitatively the same as the results produced by the models in table 9. Results
with spatial fixed effects and a restriction to within 0.03 arc degrees (about 3.3 km at this latitude)
from each boundary line are shown in table 18. The results are robust to variation in the distance
restriction, though increased standard errors reflect the decrease in sample size due to the distance
restriction.
Table 19: Summary Statistics for Spatial Fixed Effects Sample
Difference Normalized Difference
PCA-Weighted Assets 2007 0.01 0.01
pre_ce_pc_07 -0.03 -0.01
dist_tarma 0.53*** 0.20
hh_on_road -0.03*** -0.13
lnd_title_07 0.02 0.03
Land Size at Baseline -0.12 -0.04
hh_lstock_07 0.04** 0.06
r_tech_skill 0.02** 0.06
Highest years of education of any adult in HH -0.24* -0.05
Observations 2351
* p<0.1, ** p<0.05, *** p<0.01
It should also be noted that the tightened distance restriction called for by the spatial fixed
effects specification presented here does worsen the balance across observable variables. Balance
statistics for this restricted sample are presented in table 19. Note especially the worsened balance
across the distance to major roads. Given the importance of the major tarmac roads to market
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access it seems reasonable to allow more flexibility on distance from the program boundary in
order to achieve better balance across this variable and others which do not vary smoothly across
the program area boundary.
44
7 Discussion
The results presented in the outcome tables above represent a modest welfare gain for participants
in Vi Agroforestry’s program. Of particular interest for this paper’s purpose is the degree to which
geospatial balance mapped to household-level balance, and the relative sensitivity of the estimates
to the geospatial match quality. The selected results indicate that village-level balance across
geospatial variables did, in this case, translate into a sample of households matched across baseline
socio-economic variables. They also demonstrate the value of the village matching process by
illustrating its utility as a way to reduce both bias and variance in the sample.
Results estimated from the least-well matched half of the sample exhibit higher point estimates
compared to both the entire sample and the subset of best-matched villages. This gestures toward
the possibility that the matching process prevented upward bias, though it was not possible to
collect out-of-sample data which would confirm this trend.
As a further example of how pre-matching the villages across geospatial variables added value
to the over-all research design, a simple power calculation using the standard deviation of the
baseline wealth variable in the best-matched half of the sample vs. the worst-matched half of
the sample reveals that the sample size necessary to detect the observed effect size of 0.08, or
0.14 standard deviations with 95% confidence grows from 1100 to 1400 when moving from the
well-matched sample to the less-well matched sample–an increase of 300 households, or 27%.
Given that even the less-well-matched sample in this data is still drawn from villages which were
geospatially fairly well matched, it is reasonable to assume that the study would lose even more
statistical power if the sample had not been matched at all.
Outcome estimates using alternate spatial specifications largely confirm the primary conclusion
that the program had a positive impact on household asset holdings. The estimates from a spatial
regression discontinuity exhibit what appears to be significant upward bias, since this specification
is not robust to covariates which do not vary smoothly across the program boundary. Results from
a spatial fixed effects utilizing proximity to program boundary lines to restrict the sample largely
mirror the primary results, with somewhat higher point estimates, but wider standard errors due to
reduced sample size.
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8 Conclusion
Agroforestry is an intervention that poses significant challenges to researchers analyzing its im-
pacts. Because it is long-term and highly dependent on local agro-ecological context, it is not eas-
ily amenable to evaluation by randomized control trial. This thesis has presented a methodology
whereby a counterfactual can be generated in the context of a quasi-experiment where the treat-
ment is assigned by geography. The method demonstrated uses village matching across geospatial
variables to create a credible counterfactual comparison group in a relatively cost-effective man-
ner, making impact evaluation feasible even in the absence of reliable baseline data. This approach
lends itself well to estimating the effects of agroforestry, but would also have value in other similar
interventions whose effects might take a long time to manifest such as protected areas, farmer-
managed natural regeneration, conservation agriculture, terracing, or use of organic inputs.
Though this thesis demonstrated a high correlation between village-level covariate balance and
household level balance, it is not guaranteed that this would be the case in all contexts. It is not nec-
essary that matching across the geospatial variables presented here would achieve the same results
in an area with different degrees of agro-ecological or socio-economic variability than found in
western Kenya. In many respects the sample presented here has a relatively high degree of homo-
geneity: nearly all small-holder agriculturalists, mostly within the upper-midlands area of western
Kenya, with no urban areas or pastoralists communities included. Nevertheless, this sample well
represents the target population for agroforestry, and may reflect the target population for a num-
ber of other interventions related to sustainable agriculture and climate change mitigation as well.
We therefore argue that geospatial matching merits consideration for ex-post impact evaluations
of a wide variety of interventions of interest in the environmental and agricultural literature, and
represents a potentially cost-effective methodology with broad applicability.
The case study presented in this thesis should encourage researchers and policy makers to make
use of the growing body of geospatial data to improve the evaluation of on-going programs—even
if baseline data is not available. Even as development and environmental economics have embraced
more rigorous quasi-experimental designs, it remains difficult in many contexts to assemble a
comparison group, particularly if the program has already been initiation. The approach described
in this thesis offers a promising opportunity for applied research in a number of contexts, and may
well represent an improvement in terms of both cost and rigor over existing designs in common
use in the field.
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Further work remains to characterize the usefulness of geospatial matching across contexts.
Ideally similar methods would be tested in a setting where out-of-sample data could be used to
evaluate the distribution of baseline covariates in subsamples with and without geospatial match-
ing. It may be feasible to use secondary data for this purpose, if data exist on a geographic scale
similar to the units used for matching. As more geospatial datasets are generated and made pub-
licly available, it will also be possible to expand the list of available variables for use in similar
designs, allowing for a better understanding of how geospatial variables interact with household
factors, and the degree to which landscape-level variables affect the outcomes of policy changes.
Research designs such as the one demonstrated in this thesis promise to expand the number of
interventions which can feasibly evaluated using quasi-experimental methods. Geospatial match-
ing thus represents an opportunity to assemble more and better evidence on long-term development
and environmental interventions. In turn, better evidence should contribute to the effectiveness of
such interventions, and to a better understanding of the long term costs and benefits they represent
to their stakeholders.
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Appendix A: Village Selection Process
The methods section of this paper reports the village selection procedure in the abstract. However,
due to time constraints scoping was not completed before data collection was scheduled to proceed,
so this procedure was implemented separately within four defined geographic zones, then balance
was tested across the whole study area in an iterative fashion as data was collected in each zone.
For planning and logistics purposes the study area was broken into four zones, roughly corre-
sponding to the zones defined by Vi itself when planning its operations. The study area zones, with
names drawn from the administrative divisions which they contain, are as follows:
• Sirisia/Malakisi
• Bumula
• Kimilili/Ndvisi
• Tongaren/Likuyani
Each of the above zones has its own team of Vi staff, or in some cases, its own affiliation with
local Savings and Credit Cooperatives (SACCOs) which carry out training and extension as Vi’s
partners. Given the different staff and different geographic areas each of these zones represents,
they each represented differing challenges for the scoping team as the selection procedure was
implemented. The zones are depicted below in Figure 8.
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Figure 8: Study Area with Zone Labels
Sirisia/Malakisi
The first zone included in the matching algorithm was the zone comprising the Sirisia and Malak-
isi divisions of Bungoma County, along with the comparison area in Bungoma Central which was
regarded as similar by key informants. This area included 53 villages, 29 treatment and 24 com-
parison. The sample was restricted to villages within 10 km of the C42 roadway, a major road
that runs more or less through the middle of the study area. This restriction prevented matches
that were too far away from Bungoma town or the major roads to be a credible match with the
comparison areas. Balance statistics for the propensity score model estimated on this restricted
sample are found in Table 20.
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Table 20: Balance Statistics for PSM Matched Sample
Sirisia
households 39.81 (1.23)
sand 1.535 (0.86)
ph 0.0138 (0.36)
soc07 -2.943 (-1.01)
tree05 -0.745 (-0.77)
elev 10.19 (0.32)
pop10 -0.200 (-0.47)
pop15 -0.231 (-0.47)
AvgRainBun 0.935 (0.31)
dist_tarma 0.000481 (0.07)
on_road25 -0.125 (-1.05)
vilmicro_yn 0 (.)
N 32
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
Data were collected in 30 of the 32 villages displayed in this model. Due to a misspecification
during the time of village selection, which took place during enumerator training, one day before
data collection was scheduled to begin, two villages were left out. Household size was left out of
the model when villages were being assigned for data collection. Including it actually expands the
sample of villages selected by the model with good balance statistics. This means that two villages
were not selected.
One of these two, Ngalasia, was a neighbor to a program village called Lutaso. Once the
advance sampling team began their work, it was found that there were too few farmer groups in
Lutaso itself and that these groups shared members with the neighboring village of Ngalasia. So
the group members in Ngalasia were sampled, in a cluster with Lutaso. The remaining village,
Teremi B, was not sampled at all in this zone, but it is located in a sublocation which was identified
as a potential match for both Sirisia/Malakisi and the Kimilili zone. So in the end it was included in
that sample though it was not included in the Sirisia/Malakisi matched sample. Balance statistics
using two-way t-tests on the villages actually included in the Sirisia/Malakisi sample are below in
Table 21.
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Table 21: Balance Statistics for Actual Sample
Sirisia
households 29.03 (0.92)
sand 1.001 (0.57)
ph 0.00810 (0.20)
soc07 -2.547 (-0.85)
tree05 -0.790 (-0.80)
elev 13.21 (0.40)
pop10 -0.202 (-0.46)
pop15 -0.232 (-0.46)
AvgRainBun 0.331 (0.11)
dist_tarma -0.000956 (-0.14)
on_road25 -0.0708 (-0.65)
vilmicro_yn 0 (.)
N 31
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
As the above table demonstrates, balance over key variables was not significantly affected by
the village substitutions made due to logistical complications.
Bumula
The next treatment zone to be included was to be Bumula. This zone encompasses the Bumula
division on the Western side of Bungoma County as well as much of Bungoma Central. The
Bumula zone is near to Bungoma township, the largest town and county seat of Bungoma county.
In order to reduce the risk that proximity to Bungoma—which according to key informants has
experienced significant growth in the past few years—would violate the parallel trends assumption,
a buffer of 2 km was generated surrounding the edge of the location which contains Bungoma town.
Any villages within this buffer were dropped from the sample.
The resulting list of villages included 91 villages; 54 treatment, 37 comparison. The same
propensity score model as above was applied to this list of candidate villages. Table 3 displays
balance statistics for this propensity score match.
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Table 22: Balance Statistics for PSM Matched Sample
Bumula
households 55.93 (1.37)
sand -2.151 (-1.04)
ph 0.0000327 (0.00)
soc07 -0.800 (-0.57)
tree05 0.276 (0.34)
elev -63.36∗∗ (-3.20)
pop10 -0.158 (-0.59)
pop15 -0.184 (-0.60)
AvgRainBun 1.496 (0.62)
dist_tarma 0.00545 (1.08)
on_road 0 (0.00)
vilmicro_yn -0.133 (-1.47)
N 30
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
Here too the demands of the data collection schedule forced a departure from the desired sam-
ple. As the enumeration team entered Bumula, some scoping data were still coming in, including
geocodes for some comparison areas which would be used to acquire geospatial variable values.
So a preliminary model using available data was estimated, and the enumerator team was sent to
areas perceived to be highly likely to be sampled once the entire sample was complete.
The discrepancy between the list of matched villages generated by the full propensity score
model and the list of villages actually sampled was limited to two comparison villages and four
treatment villages. In the comparison areas the village of Khakula in the E. Bukusu Location
was included in the actual sample despite not being chosen by the PSM model, while Kimoi in
Bukembe location, though chosen by the PSM model, was not included in the actual sample. In
the treatment area, Netima in Siboti and Kibachenje in S. Bukusu were not included in the actual
sample, though they were in the PSM match, and Lunakwe and Mateka in S. Bukusu were included
though they were outside the PSM match. These discrepancies and substitutions are summarized
in the table below.
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Table 23: Village Sample Inclusion Summary
Village Treatment Status PSM Model Actual Sample
Khakula Comparison Not Included Included
Kimoi Comparison Included Not Included
Netima Treatment Included Not Included
Kibachenje Treatment Included Not Included
Lunakwe Treatment Not Included Included
Mateka Treatment Not Included Included
In addition to these substitutions, it was found after data collection that several of the geocodes
provided by Vi for the chosen villages were inaccurate. In consequence, the enumerators ended
up collecting data in areas some distance from the desired sampling zone. The discrepancies
between the original geocodes and the clusters of geocodes taken by enumerators at the time of
data collection are depicted in Figure 9.
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Figure 9: Village Geocode Discrepancies
Despite these discrepancies in location, when balance was tested across the village-level co-
variates at the actual village locations for the Sirisia/Malakisi and Bumula zones, the balance re-
mained acceptable, as shown below in Table 5. The only variable for which the difference between
treatment and comparison villages was statistically significant was elevation, which as is shown in
the following sections is balanced out by the inclusion of higher-altitude treatment villages in the
Kimilili/Ndvisi zone.
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Table 24: Balance Statistics for Surveyed Bumula Villages
pop10 0.158 (0.60)
pop15 0.198 (0.60)
soc07 -2.383 (-1.57)
sand 3.012 (1.61)
ph 0.0348 (1.64)
elev -50.10∗ (-2.15)
avgrainbun -1.923 (-1.07)
tree05 -0.378 (-0.57)
dist_tarma 0.000751 (0.17)
on_road 0.00285 (0.07)
N 65
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
Kimilili/Ndvisi
The Kimilili/Ndivisi zone lies on the opposite side of Bungoma Central from the Sirisia/Malakisi
and Bumula zones. This means that some of the centrally located sublocations which were matched
with Sirisia/Malakisi or Bumula were also matched with Kimilili/Ndvisi. So the villages already
chosen during the matching exercise in the earlier zones were discarded before completing the
matching exercise in this zone. This left 91 candidates, 47 in the program area, and 44 in the
comparison area.
Kimilili and Ndvisi are distinct from the previous zones in Vi’s organizational structure. While
Sirisia/Malakisi and Bumula fall under the Kenya Agricultural Carbon Project (KACP)—a car-
bon credit scheme which provides token payments to farmers in addition to extension services—
Kimilili and Ndivisi are managed under the Farmer Organizations and Agroforestry (FOA) project,
which provides similar services but does not receive carbon credit funding. It should also be noted
that in Kimilili and Ndvisi two SACCOs have taken over the direct implementation of Vi’s training
program with farmer groups. Vi still provides funding and support, but the SACCOs’ staff pro-
vide the services directly. This challenged the scoping process because the records for groups and
their locations were less well-kept than in the more data-rich KACP project. The consultants were
forced to collect most of the information on the location of the groups in these zones themselves,
which took additional time. However, this allowed the research team to have more confidence in
the location of the chosen villages since the geocodes were taken more recently than in the KACP
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areas.
In seeking to assemble a balanced sample in the Kimilili/Ndivisi zone, elevation and rainfall
were particular challenges. In order to get within as close a range as possible, villages outside of
a designated rainfall range were dropped from the sample. Then the PSM model was estimated,
returning a sample whose balance statistics are depicted below.
Table 25: Balance Statistics for Kimilili/Ndvisi Zone
households -32.87 (-0.88)
sand 0.494 (0.35)
ph 0.00600 (0.31)
tree05 0.500 (0.68)
elev 79.91∗∗∗ (4.77)
pop10 -0.129 (-0.38)
soc -0.272 (-0.17)
AvgRainBun -8.619∗∗∗ (-6.95)
dist_tarma -0.000143 (-0.02)
on_road -0.0667 (-1.00)
N 30
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
The difference between treatment and control in terms of rainfall and elevation is significant,
but this imbalance becomes statistically insignificant when pooled with the other zones. As noted
above, the Bumula zone was imbalanced across elevation due to a high number of low-elevation
treatment villages. The introduction of the higher-elevation treatment villages in Kimilili/Ndvisi
balanced out this issue. Balance statistics for the pooled samples from Kimilili/Ndvisi, Bumula
and Sirisia/Malakisi are shown below.
Note that in this pooled sample rainfall is still statistically significant, but with a smaller dif-
ference in means than Kimilili/Ndivisi by itself. This difference in mean rainfall also lessens and
becomes statistically insignificant when the final zone, Tongaren/Likuyani is included.
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Table 26: Balance Statistics for Kimilili/Ndvisi, Bumula and Sirisia/Malakisi
households -32.87 (-0.88)
sand 0.494 (0.35)
ph 0.00600 (0.31)
tree05 0.500 (0.68)
elev 79.91∗∗∗ (4.77)
pop10 -0.129 (-0.38)
soc07 -0.272 (-0.17)
avgrainbun -8.619∗∗∗ (-6.95)
dist_tarma -0.000143 (-0.02)
on_road -0.0667 (-1.00)
N 30
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
Tongaren/Likuyani
The Tongaren and Likuyani zone actually comprises two distinct program areas in two different
counties. Tongaren in a sub-county in Bungoma county, while Likuyani is in Kakamega county.
Both areas fall under Vi’s Farmer Organizations and Agroforestry Project, but they have separate
staff implementing the training activities.
In Tongaren, the non-program areas are found in the Kiminini-Bungoma, Kabuyefwe and
Mbakalo locations. These alternate in a checker-board fashion with the Vi program areas. In
Likuyani, the Vi program area is separated from the non-program area by a national forest. The
candidate villages were chosen during the scoping process so that they would be situated sym-
metrically on both sides of this forest. In total, 101 candidate villages were available, 64 in the
program area, 37 in the comparison area.
Since two counties are represented in this zone, exact matching was implemented within each
county so that villages were only matched with villages in their own county. The resulting balance
statistics are shown below.
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Table 27: Balance Statistics for Tongaren/Likuyani Zone
households -0.800 (-0.05)
sand 1.330 (1.50)
ph 0.0110 (0.39)
tree05 0.756 (0.99)
elev 61.81 (1.68)
pop10 -0.546 (-1.07)
soc07 1.501 (1.45)
avg_rain -5.106 (-1.56)
dist_tarma -0.00104 (-0.17)
on_road 0 (.)
vilmicro_y -0.0667 (-0.48)
N 30
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
Discussion
As this appendix should make clear, the application of the village-level spatial matching method-
ology discussed in this thesis was far from logistically straightforward. However, it should also
be apparent that this is a methodology with enough in-built flexibility that it is possible to opera-
tionalize it in a broad array of contexts. Importantly, instead of gathering a data in a broad array
of villages, one researcher with two assistants was able to narrow down the list of candidates us-
ing a short key informant survey and satellite data. This relatively inexpensive process resulted in
a sample which was well-balanced across geospatial variables, and this balance translated in the
end into sample balance across household socio-economic variables to a satisfactory degree. This
despite a process constrained by time and labor. The end result tends to validate the methodology
both on academic and operational grounds.
62
Appendix B: Alternate Specifications
Table 28: Wealth Outcomes with County Fixed Effects
(1) (2) (3)
PCA-Weighted
Asset Growth
Predicted
Household Expenditure
Predicted
Per Capita Expenditure
OLS 0.07*** 0.30* 0.09
(0.02) (0.18) (0.06)
IPWRA 0.07*** 0.29* 0.09
(0.02) (0.18) (0.06)
2SLS 0.09*** 0.38* 0.11
(0.03) (0.22) (0.07)
Observations 2785 2785 2785
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
Table 29: Wealth Outcomes with County Fixed Effects, Limited Covariates
(1) (2) (3)
PCA-Weighted
Asset Growth
Predicted
Household Expenditure
Predicted
Per Capita Expenditure
OLS 0.06*** 0.29 0.08
(0.02) (0.18) (0.06)
IPWRA 0.06*** 0.29* 0.09
(0.02) (0.18) (0.06)
2SLS 0.08*** 0.37 0.10
(0.03) (0.23) (0.07)
Observations 2790 2790 2790
Standard errors in parentheses
Covariates include only variables which were correlated with treatment at the 10% level
* p<0.10, ** p<0.05, *** p<0.01
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Table 30: Wealth Outcomes with Zone Fixed Effects, Limited Covariates
(1) (2) (3)
PCA-Weighted
Asset Growth
Predicted
Household Expenditure
Predicted
Per Capita Expenditure
OLS 0.07*** 0.30* 0.09
(0.02) (0.18) (0.06)
IPWRA 0.06** 0.27 0.07
(0.02) (0.18) (0.06)
2SLS 0.08*** 0.38* 0.11
(0.03) (0.23) (0.07)
Observations 2790 2790 2790
Standard errors in parentheses
Covariates include only variables which were correlated with treatment at the 10% level
* p<0.10, ** p<0.05, *** p<0.01
Table 31: Wealth Outcomes Excluding Villages with Nighttime Lights Pre-Trend Change
(1) (2) (3)
PCA-Weighted
Asset Growth
Predicted
Household Expenditure
Predicted
Per Capita Expenditure
OLS 0.07*** 0.28 0.09
(0.02) (0.18) (0.06)
IPWRA 0.06** 0.28 0.08
(0.03) (0.18) (0.06)
2SLS 0.08*** 0.36 0.11
(0.03) (0.23) (0.07)
Observations 2737 2737 2737
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
Table 32: PCA-Weighted Assets Using 2007 First Principal Component Weights
(1) (2) (3)
OLS 0.05*
(0.03)
IPWRA 0.05*
(0.03)
2SLS 0.06*
(0.03)
Observations 2785 2785 2785
Standard errors in parentheses
* p<0.10, ** p<0.05, *** p<0.01
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Appendix C: Village Survey
type name label
start start
end end
subscriberid subscriberid
simserial simserial
phonenumber phonenumber
text village What is the village name?
select_one locations location In what Location is the village?
text sublocations In what Sub-Location is the village?
integer households How many households are in this village?
geopoint vil_gps Collect the GPS coordinates of the village.
select_one treat_control treatment Is this a treatment area or a control area?
select_one yes_no grp_yn Are there any active farmer groups in this village?
integer grp_num How many active farmer groups are in this village?
begin repeat grp_repeat Group Characteristics
text grp_name What is the name of this group?
date year_formed What year was this group formed?
integer members How many members does it have?
begin repeat act_repeat Primary Activities
text activities Name the group’s primary activities.
end repeat
select_one yes_no assoc_yn
Is the group a member of any CBOs, SACCOs
or other associations?
begin repeat assoc_repeat Associations
text assoc_name What is the name of the association?
end repeat
select_one yes_no ngo_yn
Is the group affiliated with
or receive support from any NGOs?
begin repeat ngo_repeat NGO Names
text nge_name What is the name of the NGO?
end repeat
text contact_name What is the name of the primary contact for this group?
text contact_num What is the telephone number of the primary contact?
end repeat
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Downstream Socioeconomic and Land Health Impact of Agroforestry 
Household Survey 
 
Date Completed___________ 
Enumerator_______________ 
County___________________ 
Location__________________ 
Sub-Location______________ 
Village___________________ 
Farmer Group_____________ 
 
 
 
Village ID HH ID Latitude  Longitude 
    
 
Section 1: Household Wellbeing 
 
Section 1A. Respondent 
PID Name Gender Religion Ethnicity Marital 
Status 
Relationship to 
HH Head 
Age 
        
 
i. Can you read and write a simple letter written in English, Kiswahili, or your local language? 
 
ii. How many years of formal education have you had? 
 
iii. Are you currently attending school or college? 
 
iv. Have you ever undergone any technical (vocational) skills training or apprenticeship 
programme like carpentry, masonry, mechanic, catering, tailoring, or hair dressing? 
 
v. When was the last time you undertook such a skills training program? 
 
vi. When was the last time you used the skills or knowledge you acquired from such a vocational 
or apprenticeship program? 
 
vii. Would you say you are generally fit and able to undertake productive work? 
 
viii. What is your Main Job or Occupation? 
 
ix. Do you occupy any key positions in your village, such as committee chair or some other 
leadership position? 
 
x. What is this official position or these positions? 
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xi. How many years have you lived in this local area (village)? 
 
xii. How many other people stay with you in your home? 
 
Section1B. Other Household Members 
 
Ask the following questions about each member of the household besides the correspondent. 
 
PID Name Gender Religion Ethnicity Marital 
Status 
Relationship to 
HH Head 
Age 
        
 
i. Can this person read and write a simple letter written in English, Kiswahili, or your local 
language? 
 
ii. How many years of formal education has this person had? 
 
iii. Are you currently attending school or college? 
 
iv. Has this person ever undergone any technical (vocational) skills training or apprenticeship 
programme like carpentry, masonry, mechanic, catering, tailoring, or hair dressing? 
 
v. When was the last time this person undertook such a skills training program? 
 
vi. When was the last time this person used the skills or knowledge they acquired from such a 
vocational or apprenticeship program? 
 
vii. Would you say you this person generally fit and able to undertake productive work? 
 
viii. What is this person’s Main Job or Occupation? 
 
ix. Do they occupy any key positions in your village, such as committee chair or some other 
leadership position? 
 
x. What is this official position or these positions? 
 
 
Section 2. Sources of Income 
 
a. Present Income Sources: Did you or anyone else from your household do any of the following 
or received income from the following sources in the last 12 months, that is since August of 
last year up until now? 
 
Income Source Response 
Farming  
Processing of crops or natural products like honey  
Rearing livestock like cattle, goats, chickens, pigs  
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Producing livestock products like milk, eggs  
Running off-farm business like a shop or buying and selling   
Rental of property or services to others (like tractor or oxen)  
Casual work (daily hire)  
Unskilled formal paid work like house maid, garden boy of farm labourer (regularly employed)   
Skilled formal paid work like teacher, carpenter, nurse  
Sale of firewood   
Remittances from relatives   
 
 
b. 2007 Income Sources: Recall the year 2007 and the time before the post-election violence 
chaos, did you or anyone from your household engage in any of the following activities or 
received income from the following sources at any time during this particular year? 
 
Income Source Response 
Farming  
Processing of crops or natural products like honey  
Rearing livestock like cattle, goats, chickens, pigs  
Producing livestock products like milk, eggs  
Running off-farm business like a shop or buying and selling   
Rental of property or services to others (like tractor or oxen)  
Casual work (daily hire)  
Unskilled formal paid work like house maid, garden boy of farm labourer (regularly employed)   
Skilled formal paid work like teacher, carpenter, nurse  
Sale of firewood   
Remittances from relatives   
 
Section 3: Firewood Use 
 
a. Present Firewood Use 
 
i. Over the past 1 month, has your household used firewood for cooking, heating, or for any other 
purpose? 
 
ii. Where did your household source this firewood from? 
 
iii. What was the main (primary) source of this firewood? 
 
iv. How many times did your household collect or purchase firewood over the past 1 month? 
 
v. On average, how many hours did your household spend collecting firewood on each of these 
occasions? 
 
vi. How much did your household spend on purchased firewood per month in a usual month? 
 
vii. How much would all this firewood collected or harvested over the month cost if it had to be 
purchased at the local market? 
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a.  2007 Firewood Use 
 
i. Back in 2007, did your household use firewood for cooking, heating, or for any other use? 
 
ii. Where did your household source this firewood from back in 2007? 
 
iii. What was the main (primary) source of this firewood back in 2007? 
 
iv. Approximately how many times did your household collect or purchase firewood in a month 
back in 2007? 
 
v. On average, how many hours did your household spend collecting firewood on each of these 
occasions back in 2007? 
 
vi. Back in 2007, how much did your household spend on purchased firewood per month in a usual 
month? 
 
vii. How much would all this firewood collected over the course of the month cost if it had to be 
purchased at the local market back in 2007? 
 
 
Section 4. Assets 
 
Ask the respondent if their household owns any of the following assets, their type and if they owned 
them in 2007. 
 
Cooking and eating equipment & utensils: 
 
Asset Type Present 2007 
stove or 
cooker 
One or more four burner gas or electric stove with grill and oven  
One or more two burner stove (electric, gas, paraffin) 
One or more burner stove (electric, gas, paraffin) 
One or more improved meko (chepkubet) 
One or more improved/energy efficient charcoal stove (jiko koa)  
One or more clay/ceramic charcoal stove  
One or more metallic charcoal stove 
 
  
modern 
cooking 
pots and 
pans 
(alumin
um, cast 
iron)  
1 cooking pot which is in poor condition 
1 cooking pot but in fair to good condition 
A more complete cooking pot set (for example, stew pot, fry pan, etc.) but in poor condition 
A more complete cooking pot set (for example, stew pot, fry pan, etc.) but in good to fair condition 
More than 1 cooking pot set in good to fair condition.  
 
  
modern 
plates 
and 
bowls 
INCOMPLETE set of PLASTIC plates/bowls (not enough for all household members) 
COMPLETE 1 set of PLASTIC plates/bowls (enough for all household members) 
More than 1 set of PLASTIC plates/bowls (enough for household members and guests) 
INCOMEPLETE set of METAL or CERAMIC plate/bowls (not enough for all household members) 
COMPLETE set of METAL or CERAMIC plate/bowls (enough for all household members) 
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Household Furniture: 
 
Asset Type Present 2007 
Bed Locally made improvised bed  
More than 1 locally made improvised bed 
1 bed made by local carpenter (not highly professional) 
More than 1 bed made by local carpenter (not highly 
professional) 
1 modern manufactured or professionally made bed 
More than 1 manufactured bed 
 
  
Mattress 1 locally improvised mattress (e.g. made from pieces of 
cloth) 
More than 1 locally made improvised mattress (e.g. made 
from pieces of cloth) 
1 modern foam mattress 
More than 1 modern foam mattress 
1 modern high density/spring mattress 
More than one modern high density/spring mattress 
 
  
Rug or 
carpet 
One simple mat made from local materials, e.g. 
grass/bamboo 
More than one mat made from local materials, e.g. 
grass/bamboo 
One room with plastic carpet  
More than one room with plastic carpet 
One room with modern carpet 
More than one room with modern carpet 
 
  
Table only 1 locally made table with no varnish and/or proper finishing 
more than 1 locally made table with all not having proper finishing 
only 1 locally made table with proper finishing 
more than 1 locally made table with at least 1 having proper finishing 
one factory or professionally made table with or without any local tables 
more than one factory or professionally made table with or without any local tables 
 
  
Chair one locally made chair   
More than 1 set of METAL or CERAMIC plate/bowls (enough for household and guests) 
 
modern 
cutlery 
(eating 
utensils) 
1-2 spoon, knife, spoon pieces only 
INCOMPLETE set of METAL spoons, knives and forks (not enough for all household members) 
COMPLETE set of METAL fork, spoon, and/or knife pieces (enough for all household members) 
More than 1 set of METAL spoon, knife and fork pieces (enough for household and guests)  
 
  
cooking 
utensils 
(e.g. 
cooking 
knives 
and 
spoons) 
A cooking knife for cutting in poor condition (blunt) 
A cooking knife in good condition (sharp and good quality) 
More than 1 good condition cooking knife 
One or more serving spoons 
A modern cooking utensil set (with spatula, cooking spoons, etc.) 
 
  
None of 
the 
above 
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more than one locally made chair 
1-3 plastic chairs 
More than 3 plastic chairs 
1-2 factory or professionally made chairs, e.g. dinning chairs 
More than 2 factory or professionally made chairs, e.g. dinning chairs 
 
Sofa 1 wooden single sofa with no cushions 
1 wooden sofa set with no cushions 
1 wooden single sofa with separate cushions 
1 wooden sofa set with set separate cushions 
1 metal single sofa with no cushions 
1 metal sofa set with no cushions 
1 metal single sofa with separate cushions 
1 metal sofa set with set separate cushions 
1 single sofa piece, either factory or local fundis 
1 sofa set, either factory or local fundis 
More than 1 sofa set, either factory or local fundis 
 
  
TV stand 
or 
cabinet 
locally made simple TV stand  with no varnish and/or proper finishing  
factory or professionally made or locally finished simple TV stand  
locally made TV cabinet or wall unit  with no varnish and/or proper finishing  
factory or professionally finished TV cabinet or wall unit   
More than one TV cabinet properly finished 
 
  
None of 
the 
above 
   
 
Electronic Items: 
Asset Type Present 2007 
TV one or more black and white TV 
one small non-flat screen (less than 32 inch) colour TV 
more than one non-flat screen (less than 32 inch) colour TV 
one large non-flat screen (32 inch or greater) colour TV 
more than one large non-flat screen (32 inch or greater) colour TV 
one small flat screen TV (less than 32 inch)  
more than one small flat screen TV (less than 32 inch)  
one large flat screen TV (32 inch or greater)  
more than one large flat screen TV (32 inch or greater)  
 
  
Aerial 
antenna or 
satellite 
dish 
external aerial antenna only 
free-to- air satellite/decoder services  
paid satellite TV services 
 
  
DVD player one DVD player that is not in good working condition 
one DVD player in fair to good working condition 
more than one DVD player in good to fair working condition 
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Other household items: 
 
Radio or 
CD/cassette 
player 
one small size radio (pocket) for listening to news and radio music only (no  cassette/CD) 
more than one small size radio (pocket) for listening to news and radio music only (no  
cassette/CD) 
one larger size radio for listening to news and radio music only (no cassette/cd deck) 
more than one larger size radio for listening to news and radio music only (no cassette/cd deck) 
a small size radio (about shoe box size) with cassette/cd deck and speakers 
more than one small size radio (about shoe box size) with cassette/cd deck and speakers 
one larger size radio (fitted with cassette/cd deck and big speakers)  
more than one larger size radio (fitted with cassette/cd deck and big speakers)  
 
  
Mobile 
phone 
one simple phone (the cheapest on the market or mulika mwizi) 
more than one mulika mwizi 
a slightly more sophisticated phone (average price on the market) than mulika mwizi type 
more than one more sophisticated phone (average price on the market) than mulika mwizi type 
one smart phone 
more than one smart phone 
 
  
Tablet, 
laptop, or 
computer 
One or more old desktop (more than 4 years) 
One or more new desktop (less than 5 years old) 
One or more old laptop (more than 4 years) 
One or more new laptop (less than 5 years old) 
One tablet  
More than one tablet 
 
  
Internet 
services 
Only one member in household has OCCASIONAL internet access via phone or tablet 
More than one household member has OCCASIONAL internet access via phone or tablet 
Only one member in household has REGULAR internet access via phone or tablet 
More than one household member has REGULAR internet access via phone or tablet 
Household has cable or wireless internet services that can be used for desk computer or 
laptop 
 
  
None of the 
above 
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Transportation and Structures: 
 
Asset Type Present 2007 
Bicycle 1 ordinary bicycle (no gears) in poor working condition 
1 ordinary bicycle (no gears) in fair to good working condition 
More than 1 ordinary bicycle (no gears), with at least one in fair to good working condition 
1 bicycle with gears in poor working condition 
1 bicycle with gears in good working condition 
More than 1 bicycle with gears in poor working condition, with at least one in fair to good 
working condition 
 
  
Motorcycle a small size motor bike (125cc or under)  that is often in need of repair 
a small size motor bike (125cc or under)  that is in fair to good condition 
  
Asset Type Present 2007 
Solar 
panel 
very small solar panels that are only for light activities like charging phones and lighting a small 
house. 
medium size solar panels that can light a bigger house but cannot operate electronic devices 
like a refrigerator. 
big and powerful solar panels that can perform all the functions including operating electronic 
devices like flat iron, refrigerator and water heating. 
 
  
Generator  a very small generator that is only for light activities like charging phones and lighting a small 
house. 
a medium size generator that can light a bigger house but cannot operate electronic devices 
like a refrigerator. 
a big and powerful generator that can perform all the functions including operating electronic 
devices like flat iron, refrigerator and water heating. 
 
  
Fridge one or more very small fridge--below waist height 
one or more a medium size fridge about chest height and has a separate freezer compartment, 
but not with separate door. 
one or more large size fridge above chest height and has a separate door for the freezer 
compartment 
 
  
Iron box one or more charcoal flat iron 
one or more electric iron but one that does not blow steam  
one or more modern steam iron 
 
  
Lamp only one tin lamp (koroboi) 
more than on tin lamp (koroboi) 
only one hurricane lantern/kerosene lamp (ordinary) 
more than one hurricane lantern/kerosene lamp (ordinary) 
one pressure kerosene/gas lamp 
more than one pressure kerosene/gas lamp 
an electric lamp, including rechargeable and solar 
more than one electric lamp, including rechargeable and solar 
 
  
Travel 
suitcase 
Only one travel bag 
More than one travel bag 
One suitcase 
2-3 suitcases 
More than 3 travel suitcases 
 
  
None of 
the above 
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More than one small size motor bike (125cc or under), with at least one that is in fair to 
good condition 
a large size motor bike (over125cc)  that is often in need of repair 
a large size motor bike (over 125cc)  that is in fair to good condition 
More than one large size motor bike, with at least one that is in fair to good condition 
 
Private 
vehicle 
one small personal size car that is often in need of repair 
one small personal size car that is in fair to good working condition 
one larger vehicle (truck or SUV) that is often in need of repair 
one larger vehicle (truck or SUV) that is in fair to good working condition 
more than one personal vehicle, with at least one being in fair to good condition 
 
  
Commercial 
vehicle (like 
matatu or 
big truck 
used to 
earn 
income) 
one minibus, pick-up or truck that is rented out or used for business but which is often in 
need of repair 
one minibus, pick-up or truck that is rented out or used for business that is in fair to good 
working condition 
one larger commercial vehicle (bus, canter, or lorry) that is often in need of repair 
one larger commercial vehicle (bus, canter, or lorry) that is in fair to good working 
condition 
a tuktuk that is in poor working condition and often in need of repairs 
a tuktuk that is in good or fari working condition 
more than one commercial vehicle of any type, with at least one being in fair to good 
condition 
 
  
House or 
other 
building 
rented out 
to earn 
money 
One or more mud-walled rental house or shop 
One or more semi-permanent (not plastered, etc.) rental house or shop 
One or more permanent house, rental shop or apartment in town 
 
  
Green 
house 
Simple structure (home made with improvised materials) 
Modern structure (materials purchased from an agrodealer)- polythene type 
Modern structure (materials purchased from an agrodealer)- glass type  
 
  
None of the 
above 
   
 
Agricultural Equipment: 
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Asset Type Present 2007 
irrigation 
equipment/facilities 
Simple pump/equipment (home made with local materials) 
Modern pump (money maker) 
Simple drip irrigation system 
Modern pump (motorised) 
Sprinkler system 
Other 
 
  
tractor Walking tractor in poor working condition (for very minor farm operations) 
Walking tractor in poor working condition (for very minor farm operations - 15 to 25 
horse power) 
Small size riding tractor in poor working condition (for very minor farm operations - 
15 to 25 horse power) 
Small size riding tractor fair to good working condition (for very minor farm 
operations) 
Medium size riding tractor in poor working condition (25-45 horse power) 
Medium size riding tractor fair to good working condition (25-45 horse power) 
Large size tractor in poor working condition (over 45 horse powers) 
Large size tractor in fair to good working condition (over 45 horse power) 
 
  
plough one plough in poor condition 
one plough in fair to good condition 
more than one plough in fair to good condition 
 
  
cart (for 
transporting farm 
produce) 
locally made two wheel animal drawn cart 
locally made four wheel animal drawn cart 
professionally made two wheel animal drawn cart 
professionally made four wheel animal drawn cart 
 
  
wheelbarrow one simple wheelbarrow (locally made/fabricated by local artisan) in poor working 
condition 
one simple wheelbarrow (locally made/fabricated by local artisan) in good to fair 
working condition 
more than one simple wheelbarrow (locally made/ fabricated by local artisan) with at 
least one being in good to fair working condition 
modern wheelbarrow (factory made) in poor working condition  
modern wheelbarrow (factory made) in fair to good working condition   
one or more modern wheelbarrows (factory made), at least one of which is in fair to 
good working condition 
 
  
Grinding mill Diesel operated mill in poor working condition 
Diesel operated mill in good to fair working condition 
Electricity operated (modern) in poor working condition 
Electricity operated (modern) in good to fair working condition 
 
  
Feed mixer Simple feed mixer (home made with local materials) in poor working condition 
Simple feed mixer (home made with local  materials) in good to fair working 
condition 
Modern feed mixer (manually operated) in poor working condition 
Modern feed mixer (manually operated) in good to fair working condition 
Modern feed mixer (motorised) in poor working condition 
Modern feed mixer (motorised) in good to fair working condition 
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Cutter/feed 
chopper 
Simple cutter/feed chopper (home made with local materials) in poor working 
condition 
Simple cutter/feed chopper (home made with local materials) in good to fair working 
condition 
Modern cutter/feed chopper (manually operated) in poor working condition 
Modern cutter/feed chopper (manually operated) in good to fair working condition 
Modern cutter/feed chopper (motorised) in poor working condition 
Modern cutter/feed chopper (motorised) in good to fair working condition 
 
  
Milking can One simple can/bucket (home made with local materials) 
More than one simple local can/bucket 
One modern can/bucket (aluminum type) 
More than one modern milking can/bucket (aluminum type) 
 
  
Hoe One simple hoe (fabricated by local artisan) 
More than one simple locally made hoe (fabricated by local artisan) 
One modern manufactured hoe 
More than one modern manufactured hoes 
 
  
Axe One simple axe (fabricated by local artisan) 
More than one simple locally made axe (fabricated by local artisan) 
One modern manufactured axe 
More than one modern manufactured axe 
 
  
Sickle One simple sickle (fabricated by local artisan) 
More than one simple locally made sickle (fabricated by local artisan) 
One modern manufactured sickle 
More than one modern manufactured sickles 
 
  
Shovel One simple shovel (fabricated by local artisan) 
More than one simple locally made shovel (fabricated by local artisan) 
One modern manufactured shovel 
More than one modern manufactured shovels 
 
  
Pick axe/mattock 
(mtalimbo) 
One simple pick axe/mattock (fabricated by local artisan) 
More than one simple locally made pick axe/mattock (fabricated by local 
artisan) 
One modern manufactured pick axe/mattock 
More than one modern manufactured pick axe/mattock 
 
  
Watering can One simple watering can (fabricated by local artisan) 
More than one simple locally made watering can (fabricated by local artisan) 
One modern manufactured watering can 
More than one modern manufactured watering can 
 
  
Panga One simple panga (fabricated by local artisan) 
More than one simple locally made panga (fabricated by local artisan) 
One modern manufactured panga 
More than one modern manufactured panga 
 
  
Slasher One simple slasher (fabricated by local artisan) 
More than one simple locally made slashers (fabricated by local artisan) 
One modern manufactured slasher 
More than one modern manufactured slashers 
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 Livestock: 
 
Asset Present Number 2007 Number 
local bull (e.g. East African Zebu)- mature male cattle kept for breeding   
improved bull (cross breed or pure breed)- mature male cattle kept for breeding   
local ox (e.g. (East Africa Zebu)- mature castrated male cattle kept for traction   
improved ox (cross breed or pure breed)- mature castrated male cattle kept for traction   
local steer (East African Zebu)- young castrated male cattle kept for meat   
improved steer (cross breed or pure breed)-young castrated male cattle kept for meat   
local dairy cow (e.g. East African Zebu)- one that has had a calf   
improved dairy cow (e.g. cross breed or pure breed)- one that has had a calf   
local heifer (e.g. East Africa Zebu)- female cattle that is ready for breeding but is yet to have a calf   
improved heifer (cross breed or pure breed)- female cattle that is ready for breeding but is yet to 
have a calf 
  
local dairy goat   
improved dairy goat (cross breed or pure breed)   
local meat goat    
improved meat goat (cross breed or pure breed)   
local sheep   
improved sheep   
donkey   
horse   
local poultry (e.g. local breed of chicken, turkey, guinea fowl, ducks, geese etc.)   
improved poultry (commercial broilers or layers, upgraded local chicken, turkey, guinea fowl, 
ducks, geese, etc.) 
  
pig    
fish farming   
bee keeping    
other livestock   
 
 
Grain storage 
facility 
One simple storage facility (homemade with local materials)-granary 
More than one simple storage facility (home made with local materials) 
One dedicated room in the house for grain storage 
One modern storage facility (metal) 
More than one modern storage facility 
 
  
Livestock house (for 
cows, chickens, pigs 
or goats) 
One simple structure made of local materials with no roof  
More than one simple structure made of local materials with no roof 
One simple structure made of local materials but with an iron sheet roof  
More than one simple structure made of local materials with an iron sheet roof 
One modern structure (concrete floor with iron sheet roof) only  
More than one modern structure (concrete floor and iron sheet roof) 
 
  
None of the above    
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Section 5: Dairy Production 
Ask the respondent the following questions concerning their dairy production in the present and in 
2007. Repeat the questions for each type of dairy animal the household owns. 
 
Improved Dairy Cows: 
 
 
Response: Present Response: 2007 
How many improved dairy cows 
does/did your household own? 
  
What is/was the average milk 
produced per improved cow per day 
during their peak milking period (in 
litres)?  
  
Do/did you feed your improved cow 
or cows with commercial feed? 
  
What average quantity of commercial 
feed per day does/did your household 
feed each one of the improved dairy 
cows during the milking period (in 
kgs)?  
  
What is/was your household's 
primary means of acquiring this 
commercial feed? 
  
What is/was the price per kg for this 
commercial feed? 
  
Does/did your household feed your 
improved cow or cows with tree or 
fodder shrubs? 
  
What is/was the main source of this 
tree or fodder shrub?  
  
To what extent does/did using the 
tree or fodder shrub help you save on 
commercial feed costs?  
  
 
Local Dairy Cows: 
 
 
Response: Present Response: 2007 
How many local dairy cows does/did 
your household own? 
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What is/was the average milk 
produced per local cow per day 
during their peak milking period (in 
litres)?  
  
Do/did you feed your local cow or 
cows with commercial feed? 
  
What average quantity of commercial 
feed per day does/did your household 
feed each one of the local dairy cows 
during the milking period (in kgs)?  
  
What is/was your household's 
primary means of acquiring this 
commercial feed? 
  
What is/was the price per kg for this 
commercial feed? 
  
Does/did your household feed your 
local cow or cows with tree or fodder 
shrubs? 
  
What is/was the main source of this 
tree or fodder shrub?  
  
To what extent does/did using the 
tree or fodder shrub help you save on 
commercial feed costs?  
  
 
Improved Dairy Goats: 
 
 
Response: Present Response: 2007 
How many improved dairy goats 
does/did your household own? 
  
What is/was the average milk 
produced per improved goat per day 
during their peak milking period (in 
litres)?  
  
Do/did you feed your improved goat 
or goats with commercial feed? 
  
What average quantity of commercial 
feed per day does/did your household 
feed each one of the improved dairy 
goats during the milking period (in 
kgs)?  
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What is/was your household's 
primary means of acquiring this 
commercial feed? 
  
What is/was the price per kg for this 
commercial feed? 
  
Does/did your household feed your 
improved goat or goats with tree or 
fodder shrubs? 
  
What is/was the main source of this 
tree or fodder shrub?  
  
To what extent does/did using the 
tree or fodder shrub help you save on 
commercial feed costs?  
  
 
 
Local Dairy Goats: 
 
 
Response: Present Response: 2007 
How many local dairy goats does/did 
your household own? 
  
What is/was the average milk 
produced per local goat per day 
during their peak milking period (in 
litres)?  
  
Do/did you feed your local goat or 
goats with commercial feed? 
  
What average quantity of commercial 
feed per day does/did your household 
feed each one of the local dairy goats 
during the milking period (in kgs)?  
  
What is/was your household's 
primary means of acquiring this 
commercial feed? 
  
What is/was the price per kg for this 
commercial feed? 
  
Does/did your household feed your 
local goat or goats with tree or fodder 
shrubs? 
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What is/was the main source of this 
tree or fodder shrub?  
  
To what extent does/did using the 
tree or fodder shrub help you save on 
commercial feed costs?  
  
 
 
 
Section 6: Other Household Characteristics 
 
                                               Present 2007 
What is the 
MAIN source 
of fuel for 
cooking used 
by your 
household?   
Electricity 
Gas 
Charcoal 
Crop 
residue 
Wood 
Kerosene 
Other 
 
Electricity 
Gas 
Charcoal 
Crop 
residue 
Wood 
Kerosene 
Other 
 
What is the 
MAIN type of 
toilet facility 
used by your 
household?  
Private flush toilet 
Private improved pit latrine 
(slab) 
Private traditional pit 
latrine 
Shared pit latrine 
Bush, forest, or 
somewhere outside 
Other 
 
Private flush toilet 
Private improved pit latrine 
(slab) 
Private traditional pit 
latrine 
Shared pit latrine 
Bush, forest, or 
somewhere outside 
Other 
 
What is the 
MAIN material 
used for the 
floors of your 
main house?    
Soil-non compacted 
Soil-compacted and 
smeared with dung 
Wooden-locally improvised  
Wooden-hardwood  
Wooden-Bamboo 
Cement- but with some 
holes or cracks 
Cement- but with no holes or 
cracks 
Ceramic Tiles 
Marble Tiles 
Other 
 
Soil-non compacted 
Soil-compacted and 
smeared with dung 
Wooden-locally improvised  
Wooden-hardwood  
Wooden-Bamboo 
Cement- but with some 
holes or cracks 
Cement- but with no holes or 
cracks 
Ceramic Tiles 
Marble Tiles 
Other 
 
What is the 
MAIN material 
used for the 
walls of your 
main house?  
Sticks and mud 
Soil bricks 
Wood-locally improvised 
Stone and mud (hand made stones) 
Zinc/Iron sheet wall-with some rust (used) 
Sticks and mud 
Soil bricks 
Wood-locally improvised 
Stone and mud (hand made stones) 
Zinc/Iron sheet wall-with some rust (used) 
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Zinc/Iron sheet wall-new light gauge ordinary iron 
sheet 
Stone and mud (machine made stones) 
Wood-machine made  
Stone and mud (machine made stones) 
Zinc/Iron sheet wall-new heavy gauge improved 
iron sheet 
Stone and cement (hand made stones) 
Stone and cement (machine cut stones) 
Burnt bricks 
Other 
 
Zinc/Iron sheet wall-new light gauge ordinary iron 
sheet 
Stone and mud (machine made stones) 
Wood-machine made  
Stone and mud (machine made stones) 
Zinc/Iron sheet wall-new heavy gauge improved 
iron sheet 
Stone and cement (hand made stones) 
Stone and cement (machine cut stones) 
Burnt bricks 
Other 
 
What is the 
MAIN material 
used for the 
roof of your 
main house?    
Grass/thatch/bamboo-thatch material is worn out- 
roof leaking 
Plastic sheet/tarpaulin   
Grass/thatch/bamboo- thatch material is intact 
Wood plank- locally improvised wood 
Iron sheet (zinc)- with some rust (used) 
Wood plank- machine cut wood 
Iron sheet (zinc)- new light gauge ordinary iron 
sheet 
Iron sheet (zinc)- new heavy gauge improved 
(galvanised) iron sheet e.g.. Resincot) 
Clay tiles 
Concrete tiles 
Stone coated tiles 
Other 
 
Grass/thatch/bamboo-thatch material is worn out- 
roof leaking 
Plastic sheet/tarpaulin   
Grass/thatch/bamboo- thatch material is intact 
Wood plank- locally improvised wood 
Iron sheet (zinc)- with some rust (used) 
Wood plank- machine cut wood 
Iron sheet (zinc)- new light gauge ordinary iron 
sheet 
Iron sheet (zinc)- new heavy gauge improved 
(galvanised) iron sheet e.g.. Resincot) 
Clay tiles 
Concrete tiles 
Stone coated tiles 
Other 
 
Does your 
home have 
electricity?  
No 
Yes 
 
No 
Yes 
 
What is the 
MAIN source 
where your 
household 
accesses its 
drinking 
water?    
Piped water into home, plot or yard 
Public tap/stand pipe/water kiosks 
Borehole/tube well 
Protected dug well/spring   
Rainwater collection 
Unprotected well/spring 
Water provided by carts/tanker truck 
River, pond, stream, lake, dam, or 
irrigation channel 
 
Piped water into home, plot or yard 
Public tap/stand pipe/water kiosks 
Borehole/tube well 
Protected dug well/spring   
Rainwater collection 
Unprotected well/spring 
Water provided by carts/tanker truck 
River, pond, stream, lake, dam, or 
irrigation channel 
 
How many 
minutes by 
foot does it 
take to reach 
this MAIN 
source of your 
household’s 
drinking 
water?  
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Excluding the 
kitchen and 
toilet, how 
many rooms 
does your 
MAIN house 
have? 
  
Excluding your 
MAIN house, 
how many 
other 
structures are 
there in 
homestead 
for sleeping 
(other than 
kitchen)? 
  
Does your 
MAIN 
household 
and 
homestead 
have any of 
the following: 
Glass windows 
Security bars on windows 
Metal door for main house (burglar proof door) 
Metal gate for the homestead compound 
Barb wire or metal mesh fence around 
homestead 
Water storage tank (black plastic) 
Well (borehole) within the homestead compound 
None of the above 
 
Glass windows 
Security bars on windows 
Metal door for main house (burglar proof door) 
Metal gate for the homestead compound 
Barb wire or metal mesh fence around 
homestead 
Water storage tank (black plastic) 
Well (borehole) within the homestead compound 
None of the above 
 
Within your 
homestead's 
compound are 
there any 
mature trees? 
No 
Yes 
 
No 
Yes 
 
What kinds of 
trees are 
these in the 
compound of 
your 
homestead? 
  
Approximately 
how many of 
these trees 
within your 
homestead's 
compound are 
fruit trees? 
  
Approximately 
how many of 
these trees 
  
83
within your 
homestead's 
compound are 
primarily for 
timber and/or 
firewood? 
Approximately 
how many of 
these trees 
within your 
homestead's 
compound are 
primarily for 
livestock 
fodder? 
  
Approximately 
how many of 
these trees 
within your 
homestead's 
compound are 
primarily for 
shade and/or 
ornamental 
purposes? 
  
 
 
Section 7A: Household Weekly Food Consumption Expenditures 
 
Ask the respondent about the food eaten in the household during the past 7 days. 
Category Consume in last 
7 days? 
Item(s) 
Consumed 
How many days 
consumed? 
How much 
consumed? 
Cash value of 
item 
Cereals, 
grains, other 
products made 
from cereals 
and grains, 
and tuber and 
root crops 
(Use local 
examples.) 
 
     
Pulses, nuts, 
and other oil 
crops (Use 
local 
examples.) 
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Section 7B: Household Monthly Expenditures 
 
Ask the respondent about the expenses which they and other members of the household have made 
during the previous four weeks (1 month). This is from the current day of the month of last month up 
until now. 
Category Amount (KSH) 
Public transport (bus, motorcycle, truck, taxi…)  
Private transport: fuel for motor bike/vehicles and 
repairs  
 
Wood or charcoal for cooking/heating  
Gas/kerosene/batteries   
Electricity  
Soap and personal and domestic cleaning products  
Beauty products and cosmetics (perfume, deodorant)  
Hair care (cuts, braiding, weaves, etc.)  
Fees for milling  
 
Meat or other 
animal 
product, such 
as milk and 
eggs (Use 
local 
examples.) 
     
Vegetables 
and/or fruits 
(Use local 
examples.) 
     
Drinks such as 
coffee, cocoa, 
tea  
     
Other food 
items, such as 
sugar, honey, 
and meals at 
restaurant 
(Use other 
local 
examples.) 
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Air time  
Cigarettes and other tobacco products  
Entertainment (sporting events, lotteries, music events)  
Gambling, including Sports Pesa  
Contributions or membership fees in community 
organisations/cooperatives 
 
Donations to the church/mosque or to charity  
Water fees or labour to collect the water  
 
Section 7C: Household Yearly Expenses 
 
Ask the respondent about other types of expenses which they and other members of the household 
have made during the past 12 months, that is, since August of last year. 
Category Amount (KSH) 
Clothes (including school uniforms)  
Festivals and ceremonies (weddings, funerals, 
circumcision, etc.) 
 
Bowls, plates, cutlery, pots and pans, and other eating 
and cooking utensils and equipment 
 
Cleaning utensils and equipment (brooms, brushes, 
etc.) and house decorations 
 
tapes, CDs, DVDs, music   
Entertainment equipment – radio, TV, video/CD/DVD/ 
cassette player, computer, video game, toys 
 
Carpet, rugs, curtains, linen (towels, sheets, blankets)  
Furniture and household goods (mattress, bed, chair, 
table, fan, sofa, fridge, freezer, stove, lamp, washing 
machine) 
 
Purchase of livestock  
Purchase of farming equipment and tools   
Purchase of a bicycle, motorcycle, or a vehicle   
Building materials – cement, bricks, timbers, iron 
sheets, building tools, etc. & home repair/maintenance 
 
Educational expenses – bags, books, stationary, school 
fees, etc. 
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Health costs – hospital/doctor fees, medicine, health 
insurance, medicine man 
 
House rent  
Rent for land or other farming tools  
Paying back debt  
Fines and taxes  
Savings deposits (personal saving account; savings 
group; credit union) 
 
Other annual payments and expenses  
 
Section 7D: Correspondent’s Food Consumption – 24 hour recall 
 
Ask the respondent about the food they ate yesterday, that is, from the time they got up to the time 
they went to bed. Mark each food category they consumed. 
Category Response 
Food made from grains, such as maize, rice, bread, 
porridge, or other local grains? 
 
White potatoes, white yams, cassava, [other local root 
crops] or any other foods made from roots? 
 
Any foods made from beans, peas, or lentils, such as 
[add any local legume names]?  
 
Any foods made from nuts or seeds such as [add any 
local nut/seed names]?  
 
Milk, cheese, yogurt, or other milk products?   
Eggs?   
Any liver, kidney, heart, or other organ meats from 
domesticated animals, such as cattle, goat, chicken, pig 
or duck? 
 
Any meat, such as beef, pork, lamb, goat, chicken, or 
duck? 
 
Any flesh from wild animals, such as [names of local 
commonly consumed wildlife]? 
 
Fresh or dried fish, shellfish, or seafood?  
Any dark green leafy vegetables such as [local dark 
green leafy vegetables]? 
 
Pumpkin, carrots, squash, or sweet potatoes that are 
yellow or orange inside or [other local yellow/orange 
foods]? 
 
Ripe mangoes, ripe papayas or [other local vitamin A-
rich fruits]? 
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Any other vegetables?   
Any other fruits?   
 
Section 7E: Shocks and Coping Mechanisms 
 
 
Over the 
past 3 
years, has 
this area 
experienced 
any of the 
following 
shocks? 
To what extent was your household, in 
particular, negatively affected? 
Which of the following strategies did your household use to deal 
with these negative effects? 
Serious 
drought or 
irregular 
rains 
Not at all--others were mainly affected 
To some extent, but nothing too serious 
To a moderate extent: but managed to 
cope after some time 
To a significant extent: we were seriously 
affected 
 
Borrowed money to buy food or got food on credit 
Reduced the number of meals  
Limit portion size at mealtimes 
Skip entire day without eating? 
Restrict consumption by adults so children can eat more? 
Children ate less 
Substituted commonly bought foods with cheaper kind 
Modified cooking method from a more expensive to a 
cheaper one 
Mortgaged/sold assets 
Borrowed from neighbors/relatives 
Rely on remittance 
Send household member to beg? 
Send household members to eat elsewhere 
(neighbours/relatives)? 
Gather unusual types/amounts of wild food or hunt? 
 
Serious 
flooding or 
landslides 
Not at all--others were mainly affected 
To some extent, but nothing too serious 
To a moderate extent: but managed to 
cope after some time 
To a significant extent: we were seriously 
affected 
 
Borrowed money to buy food or got food on credit 
Reduced the number of meals  
Limit portion size at mealtimes 
Skip entire day without eating? 
Restrict consumption by adults so children can eat more? 
Children ate less 
Substituted commonly bought foods with cheaper kind 
Modified cooking method from a more expensive to a 
cheaper one 
Mortgaged/sold assets 
Borrowed from neighbors/relatives 
Rely on remittance 
Send household member to beg? 
Send household members to eat elsewhere 
(neighbours/relatives)? 
Gather unusual types/amounts of wild food or hunt? 
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Crop-
related pest 
and disease 
outbreaks 
Not at all--others were mainly affected 
To some extent, but nothing too serious 
To a moderate extent: but managed to 
cope after some time 
To a significant extent: we were seriously 
affected 
 
Borrowed money to buy food or got food on credit 
Reduced the number of meals  
Limit portion size at mealtimes 
Skip entire day without eating? 
Restrict consumption by adults so children can eat more? 
Children ate less 
Substituted commonly bought foods with cheaper kind 
Modified cooking method from a more expensive to a 
cheaper one 
Mortgaged/sold assets 
Borrowed from neighbors/relatives 
Rely on remittance 
Send household member to beg? 
Send household members to eat elsewhere 
(neighbours/relatives)? 
Gather unusual types/amounts of wild food or hunt? 
 
Livestock-
related pest 
and disease 
outbreaks 
Not at all--others were mainly affected 
To some extent, but nothing too serious 
To a moderate extent: but managed to 
cope after some time 
To a significant extent: we were seriously 
affected 
 
Borrowed money to buy food or got food on credit 
Reduced the number of meals  
Limit portion size at mealtimes 
Skip entire day without eating? 
Restrict consumption by adults so children can eat more? 
Children ate less 
Substituted commonly bought foods with cheaper kind 
Modified cooking method from a more expensive to a 
cheaper one 
Mortgaged/sold assets 
Borrowed from neighbors/relatives 
Rely on remittance 
Send household member to beg? 
Send household members to eat elsewhere 
(neighbours/relatives)? 
Gather unusual types/amounts of wild food or hunt? 
 
 
 
Section 7F: Months of Adequate Household Food Provisioning 
Were there months, in the last 12 months in which you did not have enough food to meet your family’s 
needs?______ 
 
If yes, which were the months in the last 12 months during which you did not have enough food to meet 
your family’s needs? 
 
2015 2016 
August 
September October November December January February March  April  May  June July 
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Recall back to 2007. Were there months during that year in which you did not have enough food to 
meet your family’s needs? 
 
2007 
January February March April May June July August September October November December 
  
Please look at these six steps. On the bottom, the first step, stand the poorest farmers in the village, and 
on the highest step, the sixth, stand the richest farmers in this sub-county. On which step has your 
household been on over the past year? 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Step 1 (poorest in the sub-county)  
2 Step 2  
3 Step 3  
4 Step 4  
5 Step 5  
6 Step 6 (richest in the sub-county)  
1 Step 1 (poorest in the sub-county)  
2 Step 2  
3 Step 3  
4 Step 4  
5 Step 5  
6 Step 6 (richest in the sub-county)  
 
 
Recall back again to the year of 2007. On which step was your household during this particular period? 
 
1 Step 1 (poorest in the sub-county)  
2 Step 2  
3 Step 3  
4 Step 4  
5 Step 5  
1 
2 
 
3 
 
4 
5 
 
6 
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6 Step 6 (richest in the sub-county)  
1 Step 1 (poorest in the sub-county)  
2 Step 2  
3 Step 3  
4 Step 4  
5 Step 5  
6 Step 6 (richest in the sub-county)  
 
 
 
Section 8: Participation in Groups 
 
Have you participated in one or more groups over the past three years, that is, since 2014 until now?___ 
 
How many groups have you participated in during the past three years, that, is since 2014 until now?___ 
 
What is the name of this particular group that you 
have participated in during the past three years, 
that is, since 2014 until now? 
 
Which of the following describes this particular 
group in which you participated during the past 
three years, that is, since 2014 until now? The 
group is focused on…….. 
Crop production 
Dairy production (cattle and goats) 
Poultry production 
Production of other livestock e.g. fish farming, bee 
keeping  
Marketing of crops and/or livestock produce 
Soil and water conservation 
Tree planting and management 
Water use 
Microfinance, savings or credit 
Religious activities 
Other________________ 
 
Approximately how many times have you attended 
a meeting of this particular group  during the past 
12 months, that is, since August of last year up until 
now? 
 
To what extent are you involved in deciding what 
activities this particular group undertakes? 
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Back in 2007, were you participating in one or more groups? 
Back in 2007, how many groups were you participating in? 
What is the name of this particular group that you 
were participating in back in 2007? 
 
Which of the following describes this particular 
group in which you participating in back in 2007? 
The group was focused on…….. 
Crop production 
Dairy production (cattle and goats) 
Poultry production 
Production of other livestock e.g. fish farming, bee 
keeping  
Marketing of crops and/or livestock produce 
Soil and water conservation 
Tree planting and management 
Water use 
Microfinance, savings or credit 
Religious activities 
Other________________ 
 
Specify other type of group you were participating 
in back in 2007 
 
Approximately how many times did you attended a 
meeting of this particular group  that you were 
participating in back in 2007? 
 
To what extent were you involved in deciding what 
activities this particular group undertook back in 
2007? 
 
 
Section 9: Extension Services & Training 
I am now going to  ask you some questions about any training you or your household may have 
received from government extension agents, NGOs, and others. A training is structured learning 
activity that usually lasts at least one day. 
During the past three years, that is, since 2014 until 
now, did you or anyone in your household receive  
training on any of the following? 
How many times in the 
past 3 years did you 
receive training on 
this/these topic(s) 
To what extent have you 
or anyone in your 
household been able to 
implement this training? 
Production and management of specific crops 
Dairy production and management (cows and 
goats) 
Soil conservation and fertility management 
Tree planting and management 
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Poultry production and management 
Production and management of other 
livestock (e.g. bee keeping, fish farming) 
Marketing of farm produce (crops and 
livestock) 
Processing and/or value addition (e.g. making 
groundnut paste, fruit juices from fruits, jam 
from fruits, soap and detergents  from crop 
products) 
Financial management including 
microfinance, saving or credit 
Off-farm income generating activities ( e.g. 
handicrafts, small businesses) 
No training received in any of the topics 
 
 
Back in 2007, did you or anyone in your household 
receive training on any of the following? 
How many times back 
in 2007 did you receive 
training on this/these 
topic(s) 
To what extent were you 
or anyone in your 
household able to 
implement this training? 
Production and management of specific crops 
Dairy production and management (cows and 
goats) 
Soil conservation and fertility management 
Tree planting and management 
Poultry production and management 
Production and management of other 
livestock (e.g. bee keeping, fish farming) 
Marketing of farm produce (crops and 
livestock) 
Processing and/or value addition (e.g. making 
groundnut paste, fruit juices from fruits, jam 
from fruits, soap and detergents  from crop 
products) 
Financial management including 
microfinance, saving or credit 
Off-farm income generating activities ( e.g. 
handicrafts, small businesses) 
No training received in any of the topics 
 
  
 
I am now going to  ask you some questions about any extension advice you or your household may 
have received from government extension agents, NGOs, and others. This is different from training in 
that it is generally less than a day and not as formally structured. 
During the past three years, that is, since 2014 until 
now, did you or anyone in your household receive  
any extension advice (non-training related) on the 
following?? 
How many times in the 
past 3 years did you 
receive such extension 
advice (non-training 
related)? 
To what extent have you 
or anyone in your 
household been able to 
implement this  this 
extension advice? 
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Production and management of specific crops 
Dairy production and management (cows and 
goats) 
Soil conservation and fertility management 
Tree planting and management 
Poultry production and management 
Production and management of other 
livestock (e.g. bee keeping, fish farming) 
Marketing of farm produce (crops and 
livestock) 
Processing and/or value addition (e.g. making 
groundnut paste, fruit juices from fruits, jam 
from fruits, soap and detergents  from crop 
products) 
Financial management including 
microfinance, saving or credit 
Off-farm income generating activities ( e.g. 
handicrafts, small businesses) 
No training received in any of the topics 
 
  
 
Back in 2007, did you or anyone in your household 
receive  any extension advice (non-training related)   
on any of the following? 
How many times back 
in 2007 did you receive  
any extension advice 
(non-training related)   
on this/these topic(s) 
To what extent were you 
or anyone in your 
household able to 
implement this  any 
extension advice ? 
Production and management of specific crops 
Dairy production and management (cows and 
goats) 
Soil conservation and fertility management 
Tree planting and management 
Poultry production and management 
Production and management of other 
livestock (e.g. bee keeping, fish farming) 
Marketing of farm produce (crops and 
livestock) 
Processing and/or value addition (e.g. making 
groundnut paste, fruit juices from fruits, jam 
from fruits, soap and detergents  from crop 
products) 
Financial management including 
microfinance, saving or credit 
Off-farm income generating activities ( e.g. 
handicrafts, small businesses) 
No training received in any of the topics 
 
  
 
Section 10A: Land Use and Farming Practices on the Main Parcel 
Explain to the respondent that you would like to visit their household's largest parcel that they rely 
most on and which they also farmed back in 2007. 
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What is the best way to characterize how slopping 
the parcel of land is? 
Level 
Sloping 
Steep (more than15% gradient) 
Composite (mixed) 
 
What are the current ownership arrangements for 
this parcel of land? 
Self (the respondent) - with registered title deed 
Self (the respondent) - but without registered 
title deed 
Spouse - with registered title deed 
Spouse - but without registered title deed 
Self and spouse together - with registered title 
deed 
Self and spouse together - but without 
registered title deed 
Other household member - with registered title 
deed 
Other household member - but without 
registered title deed 
Communal land but with customary user rights 
Someone outside your household who has 
allowed household to farm parcel at no cost 
Someone outside your household and your 
household pays rent in cash to use parcel 
Someone outside the household and your 
household gives a share of crops to owner 
 
Were the ownership arrangements for this 
particular parcel of land different back in 2007? 
Yes 
No 
 
How were these ownership arrangements different 
back in 2007? 
Self (the respondent) - with registered title deed 
Self (the respondent) - but without registered title 
deed 
Spouse - with registered title deed 
Spouse - but without registered title deed 
Self and spouse together - with registered title 
deed 
Self and spouse together - but without registered 
title deed 
Other household member - with registered title 
deed 
Other household member - but without 
registered title deed 
Communal land but with customary user rights 
Someone outside your household who has 
allowed household to farm parcel at no cost 
Someone outside your household and your 
household pays rent in cash to use parcel 
Someone outside the household and your 
household gives a share of crops to owner 
 
What is the size of this parcel in acres currently?  
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How many acres of this parcel was actually under 
production (not under fallow) during 2016 long rains 
and the 2015 short rains? 
 
Recall back to 2007, was this size of this parcel of 
land the same as it is currently? 
Yes 
No 
 
What was the size of this parcel back in 2007 in 
acres in particular? 
 
Approximately, how many acres of this parcel were 
actually under production (not under fallow) during 
this 2007 long rains and the 2006-07 short rains? 
 
Has irrigation been practiced on the parcel at 
anytime in 2015-2016? 
Yes 
No 
 
Was irrigation practiced on the parcel at anytime 
back in 2007? 
Yes 
No 
 
 How many plots does your household have within 
this parcel where different agricultural activities are 
taking place, like farming, livestock keeping, wood 
lot, fruit orchard, etc.? It also includes land being 
left fallow.  
 
 
Plot Profiles:  
Complete the following information for each plot in the household’s main land parcel: 
Plot 1: 
GPS coordinates: 
Latitude Longitude 
  
 
What has been the main land use 
activity taking place on this plot of 
land during the course of the 2016 
long rains and 2015 short rains?  
Farming 
Fruit orchard 
Wood lot 
Paddock (livestock corral) 
Pasture land 
Fodder bank (grass based) 
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Fodder bank (tree based) 
Fallow (non-improved; idle land) 
Fallow (improved with grasses, etc. but not 
trees/shrubs) 
Fallow (improved with trees) 
Fish farm/Pond 
Pond/dam 
Honey production area 
Other 
 
 Recall back to 2007. What was the 
main land use activity on this plot back 
then?  
Farming 
Fruit orchard 
Wood lot 
Paddock (livestock corral) 
Pasture land 
Fodder bank (grass based) 
Fodder bank (tree based) 
Fallow (non-improved; idle land) 
Fallow (improved with grasses, etc. but not 
trees/shrubs) 
Fallow (improved with trees) 
Fish farm/Pond 
Pond/dam 
Honey production area 
Other 
 
 How large is this plot in acres?   
Did you grow any of the following 
crops in either the 2016 long rains or 
the 2015 short rains season? 
Maize  
Sorghum  
Millet 
Finger millet 
Bulrush millet 
Sesame/simsim 
Wheat 
Beans 
Soya beans 
Green grams 
Cow peas 
Pigeon peas 
Cassava 
Groundnuts 
Sunflower 
Irish potato 
Sweet potatoes 
Pumpkins 
Butternut 
Banana 
Sugarcane 
Coffee 
Tea 
Tobacco 
Cotton 
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Kales/Sukuma wiki 
Spinach 
Tomatoes 
Onions 
Coriander 
Eggplant/Brinjals 
Carrots 
Cabbage 
Dolichos lablab 
Indigenous/African green leafy vegetables 
Mango 
Watermelon 
Pawpaw 
Oranges 
Avocado 
Lemon 
Passion fruits 
Apple 
Other_____________ 
 
Recall back to 2007, did you grow any 
of the following crops in either the 
2007 long rains season or the 2006-07 
short rains season? 
Maize  
Sorghum  
Millet 
Finger millet 
Bulrush millet 
Sesame/simsim 
Wheat 
Beans 
Soya beans 
Green grams 
Cow peas 
Pigeon peas 
Cassava 
Groundnuts 
Sunflower 
Irish potato 
Sweet potatoes 
Pumpkins 
Butternut 
Banana 
Sugarcane 
Coffee 
Tea 
Tobacco 
Cotton 
Kales/Sukuma wiki 
Spinach 
Tomatoes 
Onions 
Coriander 
Eggplant/Brinjals 
Carrots 
Cabbage 
Dolichos lablab 
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Indigenous/African green leafy vegetables 
Mango 
Watermelon 
Pawpaw 
Oranges 
Avocado 
Lemon 
Passion fruits 
Apple 
Other_____________ 
 
What was the main method used to 
prepare this parcel for farming for the 
2016 long rains and 2015 short rains? 
Traditional turning of soil with hand hoe 
Animal drawn plough 
Tractor 
Minimum or reduced tillage (soil is turned but much less 
than traditional method) 
Zero tillage (planting directly into the soil without 
ploughing disturbing the soil) 
Other 
 
Back in 2007, did your household use 
the same method to prepare this 
parcel for planting? 
Yes 
No 
 
What was the main land preparation 
method back in 2007 in particular? 
Traditional turning of soil with hand hoe 
Animal drawn plough 
Tractor 
Minimum or reduced tillage (soil is turned but much less 
than traditional method) 
Zero tillage (planting directly into the soil without 
ploughing disturbing the soil) 
Other 
 
Which of the following practices were 
used on this plot either last year 
(2015) or this year (2016)? 
fallowing (not improved) 
improved fallow (with grass, etc. but not 
trees/shrubs ) 
improved fallow (with trees/shrubs) 
irrigation 
mulching 
crop rotation/sequential cropping 
cover crops 
intercropping 
relay cropping 
chemical fertilizers 
animal manure 
green manure 
chemical pesticides 
organic pesticides or other natural pest control 
methods 
terraces 
trenches 
compost manure 
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planting basins (zai pits) 
half moons 
trash lines 
strip cropping 
contour bunds (earth ridges) 
 
Back in 2007, which of the following 
practices were used on this plot? 
fallowing (not improved) 
improved fallow (with grass, etc. but not 
trees/shrubs ) 
improved fallow (with trees/shrubs) 
irrigation 
mulching 
crop rotation/sequential cropping 
cover crops 
intercropping 
relay cropping 
chemical fertilizers 
animal manure 
green manure 
chemical pesticides 
organic pesticides or other natural pest control 
methods 
terraces 
trenches 
compost manure 
planting basins (zai pits) 
half moons 
trash lines 
strip cropping 
contour bunds (earth ridges) 
 
 
Tree Planting 
Are there any trees or shrubs either within or along 
the boundaries this plot?   
Yes 
No 
 
What are the particular ways these trees or shrubs 
are arranged on the plot?  
along boundaries/hedges 
planted on grass strips 
planted on contour bunds/earth ridges 
planted on alleys 
interspersed in unorganized way 
planted as wind breaks 
other 
 
Approximate percentage of plot covered with this 
or these particular tree arrangements. 
Under 10% 
Around 25% 
Around 50% (half) 
100
Around 75% (three-quarters) 
Nearly all 
100% (all) 
 
Approximate number of trees growing within or 
along the boundaries of the plot. 
Less than 5 
5 to 10 
11 to 20 
21 to 50 
51 to 100 
Over 100 
 
What particular tree species are these? Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
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Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
How did these trees come to exist within or along 
the boundaries of the plot? 
All were planted 
All have always been there 
All came up naturally over time 
Some planted, some have always been there 
Some planted, some came up naturally 
Some planted, some always been there, and 
some came up naturally 
Some always been there, some came up 
naturally 
Other 
 
In the last two years, did you or anyone in your 
household intentionally promote the growth of 
naturally growing trees in this plot, e.g. by pruning, 
minimizing competition, etc.? 
Yes 
No 
 
Have these trees on this plot provided your 
household with any products  like fodder, firewood, 
fruits, etc. over the past 12 months, that is, since 
August of last year? 
Yes 
No 
 
What products have these trees from this plot 
provided for your household over the past 12 
months? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these tree 
products for cash since August of last year? 
Yes 
No 
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Approximately how much was received in Ksh (or 
the equivalent) by selling these tree products?  
 
Were there any trees or shrubs either within or 
along the boundaries of this plot back in 2007?   
Yes 
No 
 
How were the particular ways these trees or shrubs 
arranged on the plot back in 2007?  
along boundaries/hedges 
planted on grass strips 
planted on contour bunds/earth ridges 
planted on alleys 
interspersed in unorganized way 
planted as wind breaks 
other 
 
Approximate percentage of plot covered with this 
or these particular tree arrangements back in 2007. 
Less than 5 
5 to 10 
11 to 20 
21 to 50 
51 to 100 
Over 100 
 
Approximate number of trees growing within or 
along the boundaries of the plot back in 2007. 
Less than 20 
20-50 
51 to 100 
101 to 200 
201 to 500 
501 to 1000 
Over 1,000 
 
What particular tree species were on this plot back 
in 2007 in particular? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
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Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
How did these trees that were on this plot back in 
2007 come to exist? 
All were planted 
All have always been there 
All came up naturally over time 
Some planted, some have always been there 
Some planted, some came up naturally 
Some planted, some always been there, and 
some came up naturally 
Some always been there, some came up 
naturally 
Other 
 
Back in 2007 going back to 2006, did you or anyone 
in your household intentionally promote the growth 
of naturally growing trees in this plot, e.g. by 
pruning, minimizing competition, etc.? 
Yes 
No 
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Did these trees on this plot provide your household 
with any products like fodder, firewood, fruits, etc., 
back in 2007? 
Yes 
No 
 
What products did these trees from this plot 
provide your household back in 2007? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these tree 
products for cash back in 2007? 
Yes 
No 
 
Approximately how much was received in Ksh (or 
the equivalent) by selling these tree products back 
in 2007?  
 
 
Woodlot: 
Does your household maintain a woodlot on one of the plots in this parcel? 
If yes, record responses for the following questions: 
What are the main tree species within the wood lot? Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
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Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Have these trees from this wood lot provided your 
household with any products like fodder, firewood, 
fruits, etc. or benefits like soil fertility improvement, 
over the past 12 months, that is, since August of last 
year? 
Yes 
No 
 
What products has this woodlot provided for your 
household over the past 12 months? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
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Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these tree 
products from this woodlot for cash since August of 
last year? 
Yes 
No 
 
Approximately how much was received in Ksh (or the 
equivalent) by selling these tree products from the 
woodlot?  
 
Approximate size of wood lot in acres back in 2007.  
Approximate number of in trees grown in wood lot 
back in 2007. 
Less than 20 
20-50 
51 to 100 
101 to 200 
201 to 500 
501 to 1000 
Over 1,000 
 
What were the main tree species within the wood lot 
back in 2007? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
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Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Did trees from this wood lot provide your household 
with any products like fodder, firewood, fruits, etc. or 
benefits like soil fertility improvement. back in 2007? 
Yes 
No 
 
What products or benefits did this wood lot provided 
for your household back in 2007? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these tree 
products from this woodlot for cash back in 2007? 
Yes 
No 
 
Approximately how much was received in Ksh (or the 
equivalent) by selling these tree products from the 
woodlot back in 2007?  
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Orchard: 
Does your household maintain a fruit orchard on one of the plots in this parcel? 
If yes, record responses for the above questions in regard to the fruit orchard. 
 
Tree/Shrub Fodder Bank: 
Does your household maintain a tree/shrub fodder bank on one of the plots in this parcel? 
If yes, record responses for the above questions in regard to the fruit orchard. 
 
Tree/Shrub-based Improved Fallow System: 
Does your household have a tree/shrub-based improved fallow on one of the plots in this parcel? 
 
If yes, record responses for the above questions in regard to the improved fallow. 
 
Section 10B: Land Use and Farming Practices on Other Parcels 
During either the 2016 long rains or the 2015 
short rains, did your household grow crops on 
any other parcels of land? 
Yes 
No 
 
What are the current ownership arrangements 
for this this other parcel or these other parcels 
of land? 
Self (the respondent) - with registered title deed 
Self (the respondent) - but without registered title 
deed 
Spouse - with registered title deed 
Spouse - but without registered title deed 
Self and spouse together - with registered title 
deed 
Self and spouse together - but without registered 
title deed 
Other household member - with registered title 
deed 
Other household member - but without 
registered title deed 
Communal land but with customary user rights 
Someone outside your household who has 
allowed household to farm parcel at no cost 
Someone outside your household and your 
household pays rent in cash to use parcel 
Someone outside the household and your 
household gives a share of crops to owner 
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What is the approximate size of this parcel/plot 
or these other parcels/plots combined?  
 
Were any of the following crops grown on this 
other parcel or parcels during the 2016 long 
rains season or the 2015-16 short rain seasons? 
Maize  
Sorghum  
Millet 
Finger millet 
Bulrush millet 
Sesame/simsim 
Wheat 
Beans 
Soya beans 
Green grams 
Cow peas 
Pigeon peas 
Cassava 
Groundnuts 
Sunflower 
Irish potato 
Sweet potatoes 
Pumpkins 
Butternut 
Banana 
Sugarcane 
Coffee 
Tea 
Tobacco 
Cotton 
Kales/Sukuma wiki 
Spinach 
Tomatoes 
Onions 
Coriander 
Eggplant/Brinjals 
Carrots 
Cabbage 
Dolichos lablab 
Indigenous/African green leafy vegetables 
Mango 
Watermelon 
Pawpaw 
Oranges 
Avocado 
Lemon 
Passion fruits 
Apple 
Other_____________ 
 
What were the following practices used on this 
other parcel or parcels during the 2016 long 
rains season or the 2015-16 short rain seasons? 
fallowing (not improved) 
improved fallow (with grass, etc. but not 
trees/shrubs ) 
improved fallow (with trees/shrubs) 
irrigation 
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mulching 
crop rotation/sequential cropping 
cover crops 
intercropping 
relay cropping 
chemical fertilizers 
animal manure 
green manure 
chemical pesticides 
organic pesticides or other natural pest control 
methods 
terraces 
trenches 
compost manure 
planting basins (zai pits) 
half moons 
trash lines 
strip cropping 
contour bunds (earth ridges) 
 
Are there any trees or shrubs either within or 
along the boundaries of any of these other 
parcels that your household farmed in the 2016 
long rains or 2015 short rains?   
Yes 
No 
 
What are the particular ways these trees or 
shrubs are arranged on this farm plot or these 
other farming plots?  
along boundaries/hedges 
planted on grass strips 
planted on contour bunds/earth ridges 
planted on alleys 
interspersed in unorganized way 
planted as wind breaks 
other 
 
What particular tree species are present on this 
other farm plot(s)? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
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Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Have these trees on this other farm plot 
provided your household with any products like 
fodder, firewood, fruits, etc. over the past 12 
months, that is, since August of last year? 
Yes 
No 
 
What products have these trees from your other 
farm plots provided for your household over the 
past 12 months? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
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Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these 
tree products from these other farm plots over 
the 2016 long rains and 2015 short rains 
seasons? 
Yes 
No 
 
Approximately how much was received in Ksh 
(or the equivalent) by selling these tree products 
from these farm plots?  
 
Recall back to 2007. Did your household farm 
any other parcels of land outside your 
household’s main parcel we discussed earlier? 
Yes 
No 
 
What were the ownership arrangements for this 
other parcel or these other parcels of land back 
in 2007? 
Self (the respondent) - with registered title deed 
Self (the respondent) - but without registered title 
deed 
Spouse - with registered title deed 
Spouse - but without registered title deed 
Self and spouse together - with registered title 
deed 
Self and spouse together - but without registered 
title deed 
Other household member - with registered title 
deed 
Other household member - but without 
registered title deed 
Communal land but with customary user rights 
Someone outside your household who has 
allowed household to farm parcel at no cost 
Someone outside your household and your 
household pays rent in cash to use parcel 
Someone outside the household and your 
household gives a share of crops to owner 
 
What was the approximate size of this 
parcel/plot or these other parcels/plots 
combined in acres back in 2007?  
 
Were any of the following crops grown on this 
other parcel or parcels back in 2007? 
Maize  
Sorghum  
Millet 
Finger millet 
Bulrush millet 
Sesame/simsim 
Wheat 
Beans 
Soya beans 
Green grams 
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Cow peas 
Pigeon peas 
Cassava 
Groundnuts 
Sunflower 
Irish potato 
Sweet potatoes 
Pumpkins 
Butternut 
Banana 
Sugarcane 
Coffee 
Tea 
Tobacco 
Cotton 
Kales/Sukuma wiki 
Spinach 
Tomatoes 
Onions 
Coriander 
Eggplant/Brinjals 
Carrots 
Cabbage 
Dolichos lablab 
Indigenous/African green leafy vegetables 
Mango 
Watermelon 
Pawpaw 
Oranges 
Avocado 
Lemon 
Passion fruits 
Apple 
Other_____________ 
 
Were any of the following practices used on this 
other parcel or parcels back in 2007? 
fallowing (not improved) 
improved fallow (with grass, etc. but not 
trees/shrubs ) 
improved fallow (with trees/shrubs) 
irrigation 
mulching 
crop rotation/sequential cropping 
cover crops 
intercropping 
relay cropping 
chemical fertilizers 
animal manure 
green manure 
chemical pesticides 
organic pesticides or other natural pest control 
methods 
terraces 
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trenches 
compost manure 
planting basins (zai pits) 
half moons 
trash lines 
strip cropping 
contour bunds (earth ridges) 
 
Were there any trees or shrubs either within or 
along the boundaries of any of these other 
parcels that your household farmed back in 
2007?   
Yes 
No 
 
What were the particular ways these trees or 
shrubs were arranged on this parcel or these 
other parcels back in 2007?  
along boundaries/hedges 
planted on grass strips 
planted on contour bunds/earth ridges 
planted on alleys 
interspersed in unorganized way 
planted as wind breaks 
other 
 
What particular tree species were present on 
these other parcels back in 2007 in particular? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
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Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Did these trees on this other parcel(s) provide 
your household with any products like fodder, 
firewood, fruits, etc. back in 2007? 
Yes 
No 
 
What products did these trees from your other 
parcel(s) provide your household back in 2007 in 
particular? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these 
tree products from these other farm plots back 
in 2007? 
Yes 
No 
 
Approximately how much was received in Ksh 
(or the equivalent) by selling these tree products 
from these farm plots back in 2007?  
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Do you or anyone from your household own one 
or more woodlots located outside this main 
parcel of land?  
Yes 
No 
 
What is the size of this woodlot in acres (or 
combined size if there is more than one)?  
 
What particular tree species are present in this 
woodlot that is outside of your household's 
main parcel in particular? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
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Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Have these trees from this woodlot(s) provided 
your household with any products like timber, 
fuelwood, etc.over the past 12 months, that is, 
since August of last year? 
Yes 
No 
 
What products have these trees from this 
woodlot(s) provided for your household over 
the past 12 months? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these 
tree products from this woodlot(s) over the 2016 
long rains and 2015 short rains seasons? 
Yes 
No 
 
Approximately how much was received in Ksh 
(or the equivalent) by selling these tree products 
from this woodlot(s)?  
 
Did you or anyone from your household own 
one or more woodlots located outside your 
household’s main parcel of land back in 2007?  
Yes 
No 
 
What was the size of this woodlot in acres (or 
combined size if there is more than one) back in 
2007?  
 
What particular tree species were present in 
2007 in this woodlot(s) in particular? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
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Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Did these trees from this woodlot(s) provide 
your household with any products like timber, 
fuelwood, etc. back in 2007 
Yes 
No 
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What products did these trees from this 
woodlot(s) provide for your household back in 
2007 in particular? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these 
tree products from this woodlot(s) back in 2007? 
Yes 
No 
 
Approximately how much was received in Ksh 
(or the equivalent) by selling these tree products 
from this woodlot(s) back in 2007?  
 
Do you are anyone from your household own 
one or more fruit orchards located outside this 
main parcel of land?  
Yes 
No 
 
What is the size of this fruit orchard (or 
combined size if there is more than one)?  
 
What particular fruit tree species are present in 
this fruit orchard(s) in particular? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
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Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Have these fruit trees from this orchard 
provided your household with any products like 
fruit or fuelwood over the past 12 months, that 
is, since August of last year? 
Yes 
No 
 
What fruit and other products have these fruit 
trees from this orchard(s) provided for your 
household over the past 12 months? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
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Was your household able to sell any of these 
tree products from this fruit orchard(s) over the 
2016 long rains and 2015 short rains seasons? 
Yes 
No 
 
Approximately how much was received in Ksh 
(or the equivalent) by selling these tree products 
from this fruit orchard?  
 
Did you are anyone from your household own 
one or more fruit orchards located outside your 
household's main parcel of land back in 2007?  
Yes 
No 
 
What was the size of this fruit orchard (or 
combined size if there is more than one)?  
 
What particular fruit tree species were present 
in this fruit orchard(s) in particular back in 2007? 
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
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Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Did these fruit trees from this orchard provided 
your household with any products like fruit or 
fuelwood over back in 2007? 
Yes 
No 
 
What fruit and other products did these fruit 
trees from this orchard(s) provide your 
household back in 2007? 
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Was your household able to sell any of these 
tree products from this fruit orchard(s) back in 
2007? 
Yes 
No 
 
Approximately how much was received in Ksh 
(or the equivalent) by selling these tree products 
from this fruit orchard back in 2007?  
 
Do you or anyone from your household own one 
or more tree or shrub fodder banks located 
outside this main parcel of land?  
Yes 
No 
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What is the size of this tree/shrub fodder bank 
(or combined size if there is more than one) in 
squared metres?  
 
What particular types of tree/shrub fodder does 
this fodder bank(s) produce in particular?   
Acacia spp (Kumunyenya/Kumunyali) 
Albizia spp (kumupeli) 
Annona spp (Kumufora) 
Bridelia spp (Kumulonda ng’ombe) 
Calliandra spp 
Carica Papaya (Mpapai) 
Cassia siamea (miti Kasia) 
Casuarina spp (whistling pine/Mvinje) 
Citrus spp (Ndimu/ Limau/ Mchungwa) 
Combretum spp (Kumulaa/Kumukhonge/ 
kumukimila) 
Cordia africana (Mkomari/ Kumukikhili) 
Croton macrostachyus (Musutsu/ 
Omuswitswi/kumutoboso) 
Grevillea robusta (Grevillea) 
Luecaena spp 
Sesbania sesban (Chisubasubi) 
Croton megalocarpus (Mkunduri) 
Cupresus spp (Cypress) 
Dombeya spp (Kumukusa) 
Entada abyssinica  (Kumusembe) 
Eriobotrya japonica (Chinduli) 
Eucalyptus spp (Blue gum/miti mbao) 
Euphorbia spp (Kumutua) 
Ficus spp (Fig tree/ Kumukhuyu) 
Kigelia africana (Kumufungu) 
Mangifera indica (Mango/Muembe – 
Swahili) 
Markhamia lutea (Kumusoola) 
Moringa spp 
Spathodea campanulata (Nandi 
flame/kumuchirisia) 
Neem (Mwarobaini) 
Melia spp  
Olea Africana (Mutamaywa/ Omutukuyu) 
Olea capensis (Elgon teak) 
Persea Americana (Avocado- English) 
Podocarpus spp (Podo/kumutarakwa) 
Prunus Africana (Kumuturu/ Mwiritsa) 
Psidium guajava (Mpera/kumupera) 
Syzigium spp (Kumusemwa & 
Kumusitole) 
Vitex spp  (Kumufutu & Kumufutumbwe) 
Warbugia ugandensis  (Kumusikhu) 
Casimiroa edulis (White sapota) 
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Hagenia spp (African red wood) 
Juniperus spp (cedar) 
Acrocarpus fulcatus () 
Balanites aegyptiaca (soap berry) 
Unknown 
Other 
 
Have these tree/shrub fodder banks provided 
your household with any fodder over the past 12 
months, that is, since August of last year? 
Yes 
No 
 
Was your household able to sell any of these 
tree/shrub products from this fodder bank(s)? 
Yes 
No 
 
Approximately how much was received in Ksh 
(or the equivalent) by selling these tree products 
from this fodder bank(s)?  
 
Did you or anyone from your household own 
one or more tree/shrub fodder banks located 
outside this main parcel of land back in 2007?  
Yes 
No 
 
What was the size of this tree/shrub fodder 
bank (or combined size if there is more than 
one) in metres squared back in 2007?  
 
What particular types pf products did this 
tree/shrub fodder bank(s) produce in particular 
back in 2007?   
Fuel wood for domestic use 
Fuel wood for selling or bartering 
Timber for domestic use 
Timber for selling or bartering 
Fruits/nuts for domestic use 
Fruits/nuts for selling or bartering 
Fodder for household's livestock 
Fodder for selling or bartering 
Medicine for domestic use 
Medicine for selling or bartering 
Green manure for incorporating in the soil 
Other 
 
Did this tree/shrub fodder bank(s) provide your 
household with any fodder back in 2007? 
Yes 
No 
 
Was your household able to sell any of these 
products from this tee/shrub fodder bank(s) 
back in 2007? 
Yes 
No 
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Approximately how much was received in Ksh 
(or the equivalent) by selling these products 
from this tree/shrub fodder bank(s) back in 
2007?  
 
 
Thank the respondent for their time and end the interview. 
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